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1. INTRODUCTION 


The purpose of this report is twofold: (a) some theoretical contribu- 

tions are given to the transformation models as used in geodesy to transform 
two sets of coordinates , (b) distortions in geodetic networks are investi- 
gated based on those transformation models. 

Each section of this report can be considered as an entity in itself. 

At the end of each section separate conclusions are given. Specifically, 
Section 2 presents a review of the commonly used transformation models. 
Section 3 provides an interpretation of most of the models. It is shown 
that the translation components as computed from the so-called "Molodenskii 
model" for seven transformation parameters must not be interpreted as 
geometric vectors between the origins of the two coordinate systems involved. 
Only Bursa's model permits such interpretation. It is further shown that 
as for direct transformations both the Bursa and Molodenskii models give 
the same results, e.g., the same station coordinates and same variance- 
covariance matrix. It is also shown that the parameters as computed from 
both models di ffer only in the translation components. An expression is 
given to exactly convert one set of translation vectors to the other. 

Section 4 discusses pitfalls in partial solutions. It has been proposed in 
several publ ica'tions (Bursa , 1 967 and Kumar, 1972) to compute the rotation 
angles and the scale factor separately from chord and direction comparisons 
by using them in al 1 combinations. Based on the method of el iminating 
parameters , it is shown that these methods are wrong as far as the selection 
of chords and/or directions are concerned. They yield parameters which 
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are close to those computed correctly but their standard deviations are much 
too optimistic. It is shown that only as many chords and/or directional 
elements can be used in the computation as are needed to completely determine 
the size or shape of the polyhedron implied in the set of Cartesian coordi- 
nates. Each additional element causes the normal matrix to be singular 
provided that al 1 correlations between the chords are used. 

Section 5 gives a number of tables and maps indicating distortions in 
the NAD 27, Precise Traverse M-R ' 72, AUS, and SAD 69 geodetic datums. The 
residuals of the coordinates are scanned for systematic patterns after 
transforming each geodetic system to the NWL9D Doppler system. Also, an 
attempt is made to show scale distortions in the NAD 27. 
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2. REVIEW OF SIMILARITY TRANSFORMATION MODELS 
2. 1 Similarity Transformation Model I (Bursa) 

This transformation model is usually referred to as the Bursa model . 
Theoretical treatments of this model are given in (Veis, 1960; Bursa, 1 962 ; 
Wolf, 1963; and Badekas , 1 969) . 



Fig. 2-1. Similarity Transformation Model 1 (Bursa) 

The following coordinate systems are considered: 

fx' 

Average Terrestrial coordinate system (X) = y . This is the coordi- 

z 

nate system which is assumed to coincide with the system defined by the 
tracking station coordinates as obtained from satellite geodesy. It is 
def i ned as follows : 
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(a) z-ax1s d1 rected toward the average north terrestrial pole as 
defined by the International Polar Motion Service (IPMS) commonly known as 
the Conventional International Origin (CIO). 

(b) xz plane parallel to the mean Greenwich astronomic meridian as 
defined by the Bureau International de I'Heure (BIN). 

u 

Geodetic Datum (U) = v . This is the coordinate system of the geodetic 

LwJ 

network. First, orthometric heights combined with geoid heights are used to 
form heights above the ellipsoid. These are combined with latitudes and 
longitudes of the horizontal network to form triplets of ellipsoidal 
coordinates which can then be converted along with their variance-covariance 
matrix into three-dimensional Cartesian coordinates. 

The transformation equation expressed in the (X) system is readily seen 
from Fig. 2-1: 

FeT+(1+a)RU-X=0 (2-1) 

where 

T denotes the translation vector between the origins of the two systems 
in the (X) system 

1+A denotes the scale factor between the systems 

R is the product of three consecutive orthogonal rotations around the 
axes of (U): 

R = R^M RyM R^{s) (2-2) 

Using the conventional definitions of rotation matrices, one can write 

"1 0 0 ‘ 

Ry(e) = 0 cos e sin e (2-3) 

0 -sin e cos e 
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and 


R = 


cos 1 |^ cos OJ 
-cos sin 00 
sin ijj 


cos e sin OJ + sin e sin ip cos oo 
cos e cos 00 - sin e sin ip sin oo 
-sin e cos \p 


(2-4) 


(2-5) 


sin e sin oo - cos e sin ip cos oo 
sin e cos 00 + cos e sin ip sin oo 
cos e cos ip 


( 2 - 6 ) 


The angles e, if;, oo are positive for counter-clockwise rotations about the 
respective u, v, w axes as viewed from the end of the positive axis (in 

case of right-handed coordinate systems). 

Equation (2-1) defines the relation between the two systems in terms of 

’dx' 

seven parameters, e.g., three translations T = 


dy 

dz 


the scale factor (1 + a) 


the rotation angles e, ip, oo. 

They are solved for in a least squares solution. The Cartesian 
coordinates of both systems are taken as observations. Equation (2-1) forms 
the mathematical model (Uotila, 1967) 

(2-7) 
(2-8) 

u u 

where 
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or 


F(L,, X^) = 0 

F(L|j + V, Xq + X) = 0 



denotes the adjusted observation, 

Xg the adjusted parameters , 

L |3 the observations, 

Xq the approximate parameters, 

V the residuals, 

» I 

X the parameters solved for. 

Since the rotations between systems (X) and (U) are small, it is permissible 
to simplify equation (2-6) as 



’1 

0 

0 


■ 0 

(X) 


R « I + Q = 

0 

1 

0 

+ 

-CjJ 

0 

£ 


.0 

0 

1 . 



-£ 

0 . 


Substituting (2-9) into (2-1) and neglecting second-order terms in scale A 
and rotations (e, ijj, oo) and their products, the model can be written as 

F eT+U + aU + QU-X = 0 (2-10) 


Each point P^- yields one such equation. The model (2-10) can now be 
linearized and the usual adjustment procedure 


V^PV = min. 

( 2 -n) 

Subject to the condition 


BV + Ax + W = 0 

(2-12) 

applied, where 



B 

A 


3 F 


3 F 


W = Fdt,, Xq) 
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and P is the weight matrix. Each poi nt contributes three equations to the 
equation system (2-12) , e. g. , for point taking Xq= 0, one has 





B- 
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A . 



X 
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w. 

1 


1 

0 

0 

1 -1 

0 
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Vv 


'1 

0 
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u 
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-w 

O' 


' dx* 


u 

- X 
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dy 




= 0 

0 

1 

0 

1 0 

-1 
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Vw 
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1 
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dz 
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0 
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e j 



(2-13) 




















2.2 Similarity Transformation Model 2 (M-Badekas) 


This model is described in (Badekas, 1969) and is attributed to 
Molodenskii, presumably referring to the treatment in (Molodenskii et al . , 
1962). However, the transformation as described in (Molodenskii et al., 

1962) is based on differential transformation equations. The first vector 
interpretation of these differential equations is Badekas'. For a more 
detailed description of similarities and differences between the original 
Molodenskii formulas and Badekas' interpretation of these equations, the 
reader is referred to (Soler, 1976). 

In the following sections, the Badekas interpretation of the Molodenskii 
formulas will be referred to as the M-Badekas model. It has been customary 
in the geodetic literature to derive Molodenski i ' s transformation equation 
from geometric interpretation of a figure which is similar to Fig. 2-1 . 

At this stage we purposely postpone such interpretation to section 3.2.1 
and simply state Molodenskii 's transformation model as given in the 
literature (e.g., Badekas, 1969; Krakiwsky and Thomson , 1974). It is expressed 
in the satellite system (X) as follows: 


F 2 T + Ug + (1 + a) R(U^- - Ug) - Xi = 0 


(2-14) 
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where 


subscript i denotes the point P^- under consideration 
Uq is the positions vector of the initial point of the geodetic 
datum in the U system, but the assumption is made that this 
vector is identical to the same vector in a geodetic system which 
is already parallel to the Average Terrestrial system. 

All other notation is the same as in equation (2-1). 

If one follows the same procedure as described for the previous model , that 
is, omitting second-order terms in scale and rotation, and their products, 
the model (2-14) becomes 

,1 •y , y. —y. — ^ ^ y 

F = T + U + a(U - Uq) + Q(U - Uq) - X = 0 (2-15) 

Equation (2-15) is the mathematical model for a least squares solution. 

Each point contributes three condition equations of the following form: 


Bi 

100 -10 
0 10 0-1 

0 0 1 0 0 



X 



^Mi 

V - Vq -(w - Wq) 0 

-(u - Uq) 0 w - Wq 

0 u - Uq “(v - Vq) 



(2-16) 


taking the approximate parameters Xq = 0. 
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2.3 Similarity Transformation Model 3 (Veis) 

This model , introduced by Veis (1960), uses the same rotation 
point (initial point) as Model 2, but the rotations are about different 
axes (U 2 ). The U 2 axis is tangent to the geodetic meridian with positive 
direction toward the south; the V 2 axis is perpendicular to the meridian 
plane and it is positive eastward. Final ly, the W 2 axis is along the geodetic 
normal with its positive direction upward, forming a right-handed system 
with U 2 and V 2 . Similarly to equation (2-14) , one obtains 

F = T + Uq + (1 + A) M(U^- Uq) - X^. = 0 (2-17) 


If (n, a) denote positive rotations about the U 2 , V 2 , W 2 axes and 
(|)o» Xq, h^ the geodetic coordinates of the initial point, the M matrix is 
(Veis, 1960; Badekas, 1969): 


M = R 3 (xJ rJ( 90 - R(n.f.a) R^(90 - RjCxJ (2-18) 

where R denotes the rotation matrices as in equations (2-3) - (2-6). If the 
rotation a are differential ly small, one obtains 


1 


- a sin (|)q 
+ n cos (|)q 


a cos sin X 
+ f cos Xq 
+ n sin ^0 sin Xq 


a sin (pQ 
- n cos (f>Q 


1 


” ct COS (|)q cos X Q 
+ i sin Xo 
- n sin (f)o cos Xq 


- a cos (po sin Xq 

- ^ cos Xq 

- n sin (po sin Xq 

Qj COS (po cos Xq 

- ^ sin Xo 

+ n sin (po cos Xq 


1 


(2-19) 


If again second-order terms in scale and rotations , and their products, 
are deleted, the model becomes 
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F = T + U(j + (1 + A) - Ug) - X. = 0 

where 

Mj = M - I 


( 2 - 20 ) 

( 2 - 21 ) 


Thus the only difference between the M-Badekas and Veis models is that the 
rotations in the Veis model are fami liar quantities ; for example, a rotation 
about the W 2 axis corresponds to a rotation in azimuth. The three 

rotations f, n, ol are related to the rotations e, Tp, 03 of Bursa's or 
M-Badekas' model as follows: 


a 


sin (f>Q cos (j>o sin Xq cos c|)q cos Xq* 


OJ 

i 

= 

0 cos Xq - sin Xq 



n _ 


cos (|)q sin (f)Q sin Xq sin cos Xq 




( 2 - 22 ) 


Also, if ^a,^,n variance-covariance matrices in the two 

cases, then the principle of propagation of errors gives 




ot 5 


G S 




G' 


where 


sin 6 
0 

- cos 6 


cos (j)Q sin Xq 
cos X Q 

sin (|)q sin x^ 


cos (|)q cos X q 
sin Xo 

sin <pQ cos Xq 


(2-23) 


(2-24) 
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2.4 

This model was introduced by Vanicek and Wells (1 974) . It has distinct 
differences with respect to the models discussed previously. The sal ient 
features of the model are: 

(a) The fundamental system of reference is taken as the Average 
Terrestrial system (X) . 

(b) The satellite system (X') is assumed to have a different orientation 
than the Average Terrestrial system (X), i . e . , three rotation angles 

are needed to bring (X') into the (X) system. 

(c) The assumption is made that the geodetic coordinate system (U) is 
a fixed framework invariant with respect to geodetic network 
adjustment. Proceeding from this assumption and the classical 
definition of a geodetic coordinate system, it is shown by 
Vanicek and Wells (1974) that in the transformation between such 
a geodetic system and the average terrestrial system the three 
rotation angles are dependent, being functions of a single rota- 
tion Q of the geodetic system around the ellipsoidal normal at the 
initial point ( x^) 



Expressing all the vectors in the Average Terrestrial system 

T^ + R(o 3 ,i|;,e) Xj = Tq + R(q) X (Uj ) (2-25) 

where R(oj,i|;,e) is the rotation matrix for small rotations as given in 
equation (2-9) , being the rotations around the Z',Y‘,X' axes, 

respecttyely. Introducing 
R = I + Q 

X = 1 + A 
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(X‘ ) Sate! 1 i te system 

(X) Average Terrestrial system 

(U) Geodetic system 

(J)o,Aq geodetic coordinates of the initial point 

Fig. 2-2. Similarity Transformation Model 4 (Vanicek-Wells) 


and deleting the term Qa(Ut), equation (2-25) can be given in the form 

. ^ . y — ^ — y 

Q(o),i|;,£)Xj - Q(f^)(Ui) - Tsg “ A(Ui) = Ui - X) (2-26) 

Substituting Q(^2)(U^-) by Q(J^)X-j and AU^- by AX^-, which introduces an 
error of less than 1 cm (Wells and Vanicek, 1 975) , "one f trraL.1 ly arrives at 

[Q(o),i|;,£) Q(q) - A]X' - T^g + (XI - U.) = 0 (2-27) 

Equation (2-27) is the mathematical model for a least squares solution 
with the following unknown parameters: 

(1) the rotation angles co, ip, e around the respective Z' , Y', X' axes 
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(2) the rotation Q of the geodetic system around the normal through the initial 
point. The unit vector in the direction of the ellipsoid normal at the 
initial point is 

n = (cos (j>o cos Xq, coS(f)o sin Xq, sin ' (2-28) 

If (e_, (ja_) denote the U,V,W components of the rotation fi , one 

b b b 

can write 

(eg, 03 g) = q(cos(|)q cos X q, cos(f)o sin Xq, sincf>o) (2-29) 

and by using equation (2-9) 


0 


Q(n) = 


- f2sin<|)Q 

ficos (|)q sin Xq 


i^sin<j)o 

0 

- J^COS (pQ cos Xq 


- ^coS(f)Q sin Xq 
f^cos«|)o cos %Q 
0 


(2-29) 


(3) the translation components T^g of the geodetic system 

(4) the scale difference A. 


There are eight unknown parameters which require coordinates at least at 
three stations for a solution. In order to avoid singularities one needs 
more than one geodetic system. Since each geodetic datum increases the 
number of unknowns by five, at least two stations are required on each 
geodetic datum. 
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3. INTERPRETATION OF SIMILARITY TRANSFORMATION MODELS 
3.1 Linear Transformation Models 


In order to systematically discuss all the transformation models 

described in section 2 , they are compared to a general linear transforma- 

tion model which will al 1 ow drawi ng concl usions as to their independence 

from the effects of 1 inearization, neglecting terms of the second order, 

correlation between station coordinates, etc. 

The most general linear transformation between two sets oi^c^bbFcfrnirtes^ 

of points , given in two coordinate systems (X) and (U) is the affine trans- 
formation a: 

X = AU + Aq (3-1) 

or 


X 


’^n 

C\i 

I 

rO 

®13 


u 


1 

Qi 

0 

1 

y 

= 

®21 

®22 

®23 


V 

+ 

®20 

z 


o> 

CO 

®32 

®33 


w 


1 

0 

ro 

fd 


In principle, A and Aq are arbitrary matrices, with some exceptional 
cases (e.g., A being a null matrix) which need not be considered here as 
they do not have useful applications in geodesy. Note that Aq = (a-jQ, 820 * 
330 )^ can be visualized as a translation in the (X) system. 

A theorem (Modenov and Parkhomenko, 1 961 ) states that any affine trans- 
formation a in Eucl idean space is the product of three compressions onto 
three mutually perpendicular planes ? and an orthogonal ity transformation w: 

a = ^ (3“3) 

In other words, the 12 parameters (a^^ , ..., a^p) which describe the 
affine transformation a can be spl it up in a unique way: 6 parameters for 


14 



the orthogonality transformation to (3 parameters for translation and 3 
parameters for rotation) and 6 parameters for describing the seal ing trans- 
formation c (3 scale parameters along three perpendicular axes of which the 
orientation is determi ned by 3 other parameters). 

If the general affine transformation a (12 parameters) is reduced to an 
orthogonal transformation to (6 parameters) , the six well-known conditions 
imposed on the a transformation are: 



+ 

a_,a 

+ 

a ,a = 

0 

1112 


21 22 


31 32 

11^13 

+ 

®21®23 

+ 

®31®33 

0 

12^13 

+ 

®22®23 

+ 

®32®33 " 

0 

2 

11 

+ 

a2 

®21 

+ 

a2 

31 

1 

2 

+ 

aL 

+ 

aL 

1 

12 


22 


32 

2 

+ 

a^ 

+ 

a2 

1 

13 


23 


33 


(3-4) 


An orthogonality transformation oi might be thought of as the result of 
a translation T and a rotation R. Two versions can be considered: 


A. 


with 


X = RU + T 


'll 

^12 

^3 

21 

^^22 

^23 

'31 

^32 

^3 


C3-5) 


(3-6) 


which can be viewed with the imposed conditions (3-4) as the result of three 
consecutive rotations around the U,V and W axes by the angles e, t|i and w: 

R = R^(o)) Ry(i|;) R^U) (3-7) 
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The matrices Ry(e), RyMi Ry(ai) and R are given by (2-3) , (2-4) , (2-5) 

and (2-6). 

-> 

T might be interpreted as three translations along the X, Y and Z 


axes: 


T 


dx 

dy 

dz 


(3-8) 


B. X = R(U + T) (3-9) 

R is identical to (2-6) with the exception that the three rotations e, oj 
are not around the U, V, and W axes but around the (U + dU), (V + dV) and 
(W + dW) axes. Consequently, (3-7) becomes 


^ ^ *^W+dW ^‘^^^V+dV ^^5^U+dU 


T represents three translations along the U, V and W axes, 

[dul 


T 


dv 


dw 


(3-10) 


(3-11) 


In geodesy a transformation more restricted than the general affine 
transformation a (12 parameters) but more relaxed than the orthogonal ity 
transformation cu (6 parameters) is being used. This is the "7 parameter 
similarity tracisformation a," the seventh parameter being the scale difference 
between the X and U coordinate systems. This transformation with coefficient 
X (scale factor) with center 0 is known as a homothetic transformation 8. 

A theorem (Modenov and Parkhomenko, 1961 ) states that any similarity 
transformation o with coefficient X can be represented as the product of a 
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homothetic transformation B, with coefficient X and prescribed center 0, and 
an orthogonal ity transformation o> as follows: 


a = B (3-12) 

It can be shown that B and o) are uniquely determined by X and 0 and 
by the requirement that o) be an orthogonal transformation. 

It can be shown that the scale parameter X of the homothetic transforma- 
tion is a special case of the 3 scale parameter transformation : 


0 X^ 

0 0 

which in its turn is a special 


0 


0 


(3-13) 


^3 J 

case of the general compression transformation c 



X 12 

1 — ' 
00 

X21 

X 22 

^23 

1 

CO 

^31 

^33 


(3-14) 


In this general matrix B » the eigenvalues form the three different scale 
factors (compressions) onto the 3 perpendicular planes of which the normal 
vectors are the eigenvectors of matrix B. 

Four versions of the similarity transformation a (7 parameters) may be 
written as 


A1 

V - 

A * 

XRU + T 

(3-15) 

A2 

X = 

X(RU + T) 

(3-16) 

B1 

II 

X 

XR(U + T) 

(3-17) 

B2 

II 

R(XU + T) 

(3-18) 


It is readily seen that the first three models discussed in section 2 
are in version A1 . 
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The following relations may be found using a si ightly di fferent notation 


for each model 


XRU + T (Al) 


Model 1 (Bursa) 

From equation (2-1): 

X E 1 + A 
R E R 


B 




T E T 


yielding 

B;: 


B 


X = (1 + Ag) RgU + Tg 


Model 2 (M-Badekas) 

From equation (2-14): 
X E 1 + A 


M 


R E R 


M 


yielding 


M^: 


U E u - Uq 


X = (1 + A[^) R,^(U - Uq) + Uq + T,, 


Model 3 (Veis) 

From equation (2-17) : 
•X 

R = R 


= 0 + Ay) 


- 4 - 

u 


u - u„ 


( 3 - 19 ) 


(3-20) 


(3-21) 


(3-22) 


(3-23) 


(3-24) 
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yielding 

h-- 




X = (1 + Ay) Ry(U - Ug) + Ug + Ty 


lodel 4 (Vanicek-Mel Is) 
From equation (2~25): 


= 1 + A 


W 


R E R, 


-¥ 

T 


W 


T = T' 
W 


yielding 


^ + RjjX' - + (1 + A„)j R^g. Ug. 


(3-25) 


(3-26) 

In the following comparison of the models. Model 4 will have to be treated 
separately since it relates more than two coordinate systems to each other 
(j = 2,r where r is number of geodetic datums). 


3.2 Comparisons of Seven-Parameter Transformation Models 
3.2.1 Model 1 (Bursa) vs. Model 2 (M-Badekas) 

Recalling Model 1 (Eq. 3-21) 

Xi = (1 + Ag) Rg U^. + Tg 

and Model 2 (Eq. 3-23) 

X, = (1 + A,,) R^(U. - U.) + Un + 

1 ^ M^ M' 1 0 0 M 

construct similarity transformation equations in terms of coordinate 
differences. Rewrite (3-27) and (3-28) with respect to the coordinate 

differences as computed from point 1 (using X., = X. - X, etc., point 1 
is arbitrary) 


(3-27) 


(3-28) 


Xig = (1 + Ag) Rg U.g 

Xii = (1 + A„) R„ 


(3-29) 

(3-30) 
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It may be recognized that both models (3-29) and (3-30) are Identical due to 
cancellations in (3-27) of and in (3-28) of and f^. This simply means 

that Model 1 (Bursa) and Model 2 (M-Badekas) result in identical values for 
the scale factor and rotational parameters (£,ip,co) : 


^B = ^M " ^ 
Rb e = R 


(3-31) 


Both models may be rewritten as 

Model 1 : X^. = (1 + a) R U^. + Tg (3-32) 

Model 2: X^- = (1 + A) R(U^ - Uq) + Uq + (3-33) 

Since X^- and Uj are also identical in both models, the inclusion of Uq 
in the second model has to be absorbed completely by Compare both 
the translational vectors T„ and Tj^: 

Tg = X^. - (1 + A) R U^. 

\ = X. - (1 + A) R(U. - Uq) - Ug 


and form the difference: 


To - T 


= L - (1 + A) R Uf 


or 


B - <M " UQ - VI - ay rx 

T = T + - (1 + A) R U 

B M 0 0 


(3-34) 

(3-35) 


The last equation shows that the simple geometrical interpretation of T^ 
as depicted in Fig. 2-1 , namely the translation of the U (geodetic) system 
with respect to the X (satellite) system as measured in the X system. Is not 
possible for Tj^. 

One has to return to the original equation of Model 2 to see what is - 
the cause of this loss of geometric significance. Rewrite (3-28) as 

T - Uq - = n + A„) R„(U^. - Ug) (3-36) 
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( 3 - 37 ) 


Xi - (1 + Am) Rm^o - '^m ■ 'Jq) 

or Xi = 0 + A^) R,/U. - Uq) + n + A„) Vo ^ Jm 

or Xi = (1 + A^) RmU^ + T„ . 0 + Ag) RgU. + fg 

This is exactly how the M-Badekas model can be derived from the Bursa 

->■ *>• 

model by assuming that (1 + Aj^)R|^Uq e Ug- 

It has been argued that Model 2 reduces correlation between rotational 
and translational parameters which exists in Model 1 in case of small 
areas. The fact is that Model 2 does not minimize correlation but consists 
of completely different translational parameters which happen to have a 
smaller correlation with the rotational parameters (which are identical in 
both models). 

It should be clear that given a set of points in two coordinate systems 
(U) and (X), the correlation for Model 1 as well as for Model 2 are fixed 
and cannot be altered (of course, we do not add constraints, observations, 
etc.). Moreover, both variance-covariance matrices of Model 1 and Model 2 
are completely dependent and can be computed from each other by means of 
(3-35). 

In addition, if the direct transformation is applied (given U^-, Ey^. 
and 7 transformation parameters and their variance-covariance matrix, compute 
X and E^ ) , identical X^-'s and will be obtained using Model 1 with highly 
correlated transformation parameters or Model 2 with almost uncorrelated 
transformation parameters. 

This undermines the usage of Model 2 in two ways : (a) the reduction of 

the correlation between rotational and translation parameters is artificial 
and misleading, (b) the translation parameters of Model 2 have hardly any 
geometric significance. 
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An (academic ?) future for Model 2 is feasible only when one tries 

to answer the following question: "What choice of Ug minimizes the 

correlation between rotational and translative parameters?" 

First of all , the geodetic interpretation of Ug (position vector of 

the initial point of the geodetic datum) in the model is irrelevant, i . e . , 

the rotational and scale parameters (and their vari ance-covari ance matrices) 

are completely independent of the choice of Ug, as shown in (3-29) thru 

(3-31 ) . This being the case, one might include Ug as an unknown parameter 

in the transformation model and solve for it in a "least squares" adjustment 

by minimizing not only V^PV but also p„ t which symbol ically represents the 

K , I 

covariance matrix between the rotational and translation parameters. 

The uniqueness of any similarity transformation was already described 
by a theorem quoted in section 3.1. The coefficient and the center of the 
homothetic transformation (in Model 1 the center is U = 0, in Model 2 the 
center is U = Ug) and the requirement that the remaining parameters form an 
orthogonal transformation uniquely define the similarity transformation. 

It means that the parameters of Model 1 and Model 2 are interdependent 
^yielding the same results in the direct transformation. Moreover, if we 
. write (3-32) and (3-33) in terms of the observed coordinates rather than the 

t- ■ - 

adjusted ones, we obtain 




Model 1: 

hb^h,B - 

0 


Vu.b) 

^ ^B,a 

(3-39) 

Model 2: 

lb X,M 

0 

+ A ) R (U., + 
a a lb 


+ T 

M,a 

(3-40) 


where b denotes observed values and a denotes adjusted values. The unique- 
ness theorem impl ies that the residuals in both models will be identical : 
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.(3-41) 

(3-42) 


(3-41) and (3-42) among other characteristics in which Model 1 and Model 2 
are interdependent will be shown below, using the least squares estimation 
procedure. Recalling the 1 inearized form of Model 1 (Bursa) 


1 0 0 i -1 0 ol Vy r 1 0 0 u 

Vw 

oiojo-ioVx+010 

I Vy 

0 0 0 I 0 0 -1 Vz [0 0 1 

i L J i 


1 r 

V -w 0 dy 

dz 

■U 0 W A 


0 1 W 0 U -vj 

Le 


u - X 


V - y = 0 


(3-43) 


w - z 


BnVn + A'X„ + W, 
B B B B [ 


(3-44) 


and of Model 2 (M-Badekas) 


1 0 0 
0 1 0 


0 0 0 


-1 0 
0 -1 


Vy 

0 Vw 


0 0 -1 . V^ 


0 0 (u-Uq) (v-Vq) -(w-Wq) 0 

1 0 (v-Vq) -(u-Uq) 0 (w-Wq) 

0 1 0 0 (u-Uq) -(v-Vq)J^- 


u - XI 


+ V - y 


(3-45) 


w - zj . 
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or 


B V + A'X + W = 0 

MM MM M 


it may be recognized that 


where 




^ \ = Wi 


^B. ^ (li^B’i 


1*0 ''o -"o ° 

Vq -Uq 0 Wq 

Wg 0 Ug -Vg 


(3-46) 

(3-47) 

(3-48) 

(3-49) 

(3-50) 


(3-51) 


If the X vector is partitioned into a translational part (Xi ) and a scale plus 
rotational part (Xo) the linearized models (3-44) and (3-46) become 

X, 


BiVe. + (IIAb), 




'Bl 


‘M- 


'2J 


+ W^’ = 0 


+ W^- = 0 


( 3 - 52 ) 


( 3 - 53 ) 


with 


Af/| = Ag - D 


(3-54) 


and i = 1, ...» r (r denotes the number of points to be transformed). 
In the following section it will be proved that 

0) x,_ = 
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( 2 ) 


(3) In the direct transformation Identical results will be obtained for 
the newly transformed coordinates and their variance-covariance 
matrix ( i . e . , coordinates which were not used in the estimation 
procedure) . 

Equations (3-44) and (3-46) lead to the v/ell -known expressions (Uotila, 1 967) 



X = aV^w 

(3-55) 


V = -P'^bV^ (ax + W) 

(3-56) 


52 = v"'’pV/DF 

(3-57) 

where 

1 — 
CQ 

1 

D_ 

CQ 

II 

) 

(3-58) 


The standard notation which has been used in the equations above is explained 
subsequent to equation (2-12) in the previous section. For the derivation, 
using submatrices, partition the matrices of (3-52) and (3-53) as follows: 


B 

3r 6r 


r I -I 

0 

0 


33 33 



0 0 

I 

-I 


1 1 

1 1 

1 1 

3 3 

1 

1 

1 

3 3 

I N 
1 
1 

N 

V 

N 

1 1 

1 I 

0 0 

I 

1 

0 

1 

1 

0 

N 

S 




J'lU 




Vix 


^2 


''2U 


1 


''2X 

V, = 

1 


1 

6r 1 

1 

1 


1 

1 


1 

1 


VrU 


^r 


/rX_ 


1^3 


0 

0 

I 

I 

I 

I 

I 

-I 

3 3 


(3-59) 


(3-60 
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with 



(3-61) 


(3-62) 


(3-63) 


To simplify the derivation assume no correlation between the coordinates 
of various stations, that is, the weight coefficient matrix is of (3 x 3) 
block diagonal form 
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Comparing equations (3-43) and (3-45) reveals al ready that Model 1 and 
Model 2 di ffer in the design matrix A by a matrix of constants: D. One can 
write the A matrix of Model 2 (M-Badekas) , using (3-62) , as 



I 



1 1 

1 

Ar - D 
^1 

Am = 
M 

I 

1 

1 

1 

1 

1 

1 

II 

I 

1 

1 

1 

Ar “ D 

1 

1 


I 

1 


1 

I 

1 

Ab^'- d 


The derivation from this point is made for Model 2 (M-Badekas). One 
obtains at each of the following steps the expressions for Model 1 (Bursa) 
if one sets D = 0 and replaces by Xg and Vj^ by Vg. 

As a first step, the matrix M is obtained by (3-58). 

M = ^ [IT Xy + (3-66) 

Because of the block diagonal nature of Xy and inverse of M 

consists of (3 x 3) blocks. Denote each block Then 


.-1 


,-l 


M^. ■ = P^- = a§ [k ^u. + ^X.] ‘ (3-67) 


The normal matrix M""* A,.;^, after some matrix manipulation, will be: 


klJffhL 


E P, 

1 

1 

1 

1 

i_ 

S P^.Ag. - S PiD 


1 

- ^ i 
1 

T _ T _ T_ 

E Ag^P-jAg^. - 2 e Ag^.P^-D + E D P^-D 


(3-68) 


Assume that summation is taken over r uni ess otherwi se stated. In addition, 
drop the subindex B, i.e., Ag =A. 

The inverse oFthe normal matrix (3-68) can be obtained by using the 
general formulas for the inverse of partitioned matrices (Uotila, 1967). 
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If N is symmetric, and N-j-j and N 22 square matrices and of full rank, 
it is known that 


N 


-1 


with 


N^1 N-j 2 

-1 

Nil + Ni] Ml 2 n'^ n{2 N'] 

1 -1 _-f 

\ - Nn M]2 N 
1 

T 

_^12 ^22. 


--1 T -1 
[-N n]2"i1 

i _^i 

1 N J 


- T -1 

N = N 22 “ ^^12 ^12 


(3-69) 


(3-70) 


Using these expressions 




-1 


(zP-j) V (zF^-) \eF^-At - zF^-d)S ^ 
(zPiA,- - zF.D)^(zFj)"^ 

-(zPt)’\eP,-Ai- - ZP^D)S'^ 

-1 — — T — 

_-S '(EP^A,- - ZP^.D)'(ZP^) 

s-' 


(3-71) 


where 

S = zA^’F^A^- - (zP,-Ai)'''(iPi)'\5:PiA,-) 


(3-72) 


Carrying out the matrix manipulation indicated in (3-55), the expressions for 
T ' T 

the parameters (X^ | X ) become: 

lie 

Xm = {(i:Pi)'^+ (EP^O'^DPiAijs'VsPiAiO^CxPi)'^ (ePi-w^-) 

- (zPi)'\EPiAi)^ s'VzAlPiW.) (3-73) 

+ d"''s'^ {(zaTp^-W^.) - (zPiAi)"''(EPi) (zF^w^)} 

= S’^{(eaTF.W.) - (EF^.A^.)^(EPi)' (EP^Wi)} (3-74) 
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By inspecting (3-74) , the expression for which represents the scale and 
rotations, is seen to be independent of the submatrix D, i .e. , is 
independent of the selection of the point of scaling and rotation. Even when 
this point is chosen at the origin of the U coordinate system, which happens 
in the case of Model 1 (Bursa) , the same scale and rotational parameters are 
obtained. The presence of the submatrix D in the last term of (3-73) - 
indicates the dependency of the outcome of the translation parameters on the * 
point of scaling and rotation. The last term of (3-73) is exactly the differ- 
ence in translation vectors as obtained by Bursa (Xg^, D = 0) and M-Badekas 
D ^ 0). 

It is also easily shown that both methods yield the same residuals 
(Vb = Vj^). To prove this, the product AX has to be invariant with respect 
to the models according to equations (3-44) and (3-46) (or 3-56), since 
in both models 


if 

and 


Vb 

Bb 

Wg 

^b^b 



The first two requirements are fulfilled directly by inspection of (3-43) 
and (3-45). 


For point i 


Model 1 : 
Model 2: 


(I 



(I 



Xb^ + Ag.Xg^ 


(3-75) 

(3-76) 
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Using 




(3-76) becomes 


(I Am)t 


^M-i 




= Xm^ + Ab^.Xb^ - DXb2 


(3-54) 


(3-77) 

(3-78) 


From (3-73) and (3-74), one obtains 

= Xb- + DXb 2 (3-79) 

since Xj^ = Xb 2 - 
Substituting (3-79) into (3-78) 

= Xb^ + Ab-Xb^ 

which is i(ientical to (3-75). Consequently, the proof that 

AgXs “ (3-80) 

verifies that V 3 = V|v] > which was proved in a different way prior to (3-41) 
and (3-42). 

As a last step it is shown that both models are equivalent as applied 
in direct transformations. Equations (2-1 0) and (2-1 5) are the mathematical 
models for this transformation. Using the notation as in (3-62) and (3-65) 
they are written for the point Pj as 

-»■ 

Bursa: Xg. = Uj + Ag. Xg (3-81 ) 

J J 


(I Am)-] 


Xm-j 
I Xf^2 
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M-Badekas: 


(3-82) 


" A' X„ 

J 

Because of the relation (3-80) it is readily seen that 


holds. It is now only left to prove that both variance-covariance 
are also equal , e.g. , 

Differentiating equation (3-82) yields 


3(Am. Xm + Uj) 3(A^ Xm + iTj) ^ 

dXf^ = TV- dXfi + 5:^ dUj 

J 9 3 Uj 

The partial differentiation in the first term gives 
3(A^, Xm + Uj) 

T _ n ' 


In order to carry out the differentiation in the second term, it i 
as follows 


A^j 


+ U. 


(I 


->• 

u. 


->■ 

u. 


^( 


w,i|^,e) 


IM 


+ A(Uj - Uq) + Q(Uj. 


IM 


lUj - Uo. 

->• -4- 

Uq) + Uj 


"^3 


where Q is given in equation (2-9). Thus 


(3-83) 

matrices 

(3-84) 


(3-84) 


(3-85) 
rewri tten 


(3-86) 
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J 


I + Al + Q = Q 


(3.87) 


Using (3-85) and (3-87) and the law of propagation of covariances, one 


obtains 


(a;, Q) ^ 


^ ^ = A ^1 /Xf,, A^] + Q qT 

0 ^n. Q‘ J " 3 3 

^3 


(3-88) 


The second term is only a function of the scale and the rotation angles, and 
consequently is the same for both the Bursa and the M-Badekas models. It is 
easy to show that the first term satisfies the relation 


- ^Bj ^Xb ^Bj 
To prove this, recall that 

%x„ = (A,'J 


(3-89) 


(3-90) 


This matrix is already given in (3-71). After some elementary matrix 
multiplications as indicated in equation (3-88), one obtains an expression 
which is independent of the matrix D (3-51), which proves the relation (3-89) 
The complete expression for the covariance matrix of the transformed point 


Pj is 


J 

- 2 (EP,) (EP,-A^-) S"''aT+ Aj. S"''aT + Q 


(3-91) 


where 


1 + A (A) - 

Q = -03 1+A e 

Tp - £ 1 + A_ 


(3-92) 
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3.2.2 Model 3 (Veis) vs. Model 2 (M-Badekas) 

Recalling the equation of Model 3 (3-25) 

X = (1+^y) Ry(U - Uq) + Uq + Ty 

with 

Ry = r5(^o> ''v '^2(°° ■ * 0 ^ '^3(^o> 

The only difference between Model 2 and Model 3 are the directions of 

the axes about which the rotations take place. 

If one applies the elimination procedure for the rotational parameters 

as is described in sections 4 and 4.3, one would obtain an identical set of 

equations for both Model 2 and Model 3. See equations (4-29). 

This implies immediately that identical scale and translation 

parameters will be obtained using either Veis' or M-Badekas' model. 

The relationship between the rotational parameters Rj^(sj 

Ry((|)o, Xq, a, i, n) described in section 2.3 (2-22, 2-23 and 2-24). 

This similarity between the two models means that the discussions 

of section 3.2.1 concerning the disadvantages of the M-Badekas model apply 

to the Veis model as well. 
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3.3 Comparison of Four-Parameter Transformation Models 
Sometimes partial transformation models are used to transform two 
sets of coordinates. This is done usually when only few stations are 

available. 

In the four-parameter similarity transformation model, it is assumed 
that the rotational parameters can be neglected. 


3.3.1 Model 1 (Bursal vs. Model 2 (M- Badekas) 

The first two models with four transformation parameters (translation 

and scale) are obtained by taking Rg = R„ = R = I in the models (3-21) 
and My (3-23) : 



X = (1 + Ag) U + Tg 

X = (1 + Af,) (U - ^0 


(3-93) 

(3-94) 


It should be noted that by equating R^ = I in (3-25). the only difference 

between models My and Vy has disappeared. 

Following the same reasoning as in section 3.2 for the seven-parameter 

models, one arrives at the conclusions, i.e., both models give the same 
scale factor, residuals, etc. The following relationship between the 
translation parameters can be established: 


% = + Uq - (1 + A) Uq 

Once again, only Tg has geometric meaning. 


(3-95) 

appealing to geodetic intuition. 
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3.3.2 Four-Parameter Models vs. Seven-Parameter ftodels 


Comparing the four-parameter Model 1 (B 4 ) to the seven-parameter 
Model 1 (By) , care should be exercised since the residuals will not 
generally be equal , 


By: Xgy = (1 + Agy) R u|y + Tgy (3-96) 

B 4 : = {1 + Ag^) + Tg^ (3-97) 

or in terms of observations and residual Ss 

h- ^ = 0 + AB7) R (u" + Vg_g^) + Tg^ ( 3 - 98 ) 

B4: + Vx,B4 = (1 Ab 4 )(U*’ + Vu^B4) 784 ( 3 - 99 ) 


Inspecting the design matrices and Aj^ (3-45) of both Models 1 and 
2 , one sees that the column pertaining to the scale factor is orthogonal 
to each of the three columns pertaining to the rotation angles. This 
orthogonality implies that the scale factors will be equal in both the 
seven- and four-parameter models: 

AB; ^ A^^ = Ag^ = (3- 


With (3-100) in mind, (3-98) and (3-99) become 



3'B4 


Subtracting (3 


Tb? - ■'■B 4 


= ^ - 0 + A) R (? + Vg^B^) 

= '^X,B4 ■ 0 + A)(u‘^ + Vg^g^) 

-102) from (3-101) 

= -(1 + A){(R + R Vu,g^) - + Vg^g^)} 

* '^X.Bj ■ '^X,B4 


(3-101) 
(3-1 02) 


(3-103) 
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or 

Tb 7 = Tb^- 0 +A)a(u h-Vu^b^) - + 

+ ^X,B7 ■ '^X,B4 (3-104) 

In case of small rotations (R~I ) and the assumption* R ^ I* in the 
four-parameter model does not cause increased Vy^g^'s ana vx^b^ ^ - 

are in the same residual noise as the Vy^g^'s and equation 

(3-104) reveals that the difference between Tg^ and Tg^ can hardly be 

larger than the sum of maximum residual noise of (Vy^g^ - ^0,64) 

(Vx^gy - Vx^B^). In other words, the tendency is that the translation 

parameters in the four-parameter solution of Model 1 (Bursa) will be 

very similar to those in the s;even-parameter solution of Model 1. The 

similarity between Tgy and Tg^ is illustrated in Table 5-1, section 5.6. 

In a similar way, equation (3-104) can be derived comparing the 

four-parameter Model 2 (M4) to the seven-parameter Model 2 (M;): 

^My "" "^M4 “ (1 + A){Rf^(U*^ + Vy^My - Uq) - (U^ + Vy^ivi^ - Uq)} 

+ ^x,My " ^X,M4 (3-105) 

For identical reasons the tendency is that the translation parameters 
from the four-parameter solution of Model 2 (M-Badekas) will be similar 
to those from the seven-parameter solution of Model 2. 
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3.4 Comparison of Three-Parameter Transformation Models 
This model, which is the simplest, allows only three translation 
parameters between two sets of coordinates (other three-parameter models , 
e. g. , three rotations only are hardly used in geodesy and therefore are 
not discussed here). 

3.4.1 Model 1 (Bursa) vs. Model 2 (M-Badekas) 

The first two models with three transformation parameters (translation 
only) are obtained by taking Rg = Rjv| = R = I and Ag = A[vj = A = 0 in the 
models By (3-21) and My (3-23): 

Bg: X = U + fg^ (3-106) 

Mg: X = U+f^^ (3-107) 

Clearly, both models are identical. 


3.4.2 Three-Parameter Models vs. Seven-Parameter Models 

For similar reasons as in section 3.3.2, the residuals have to be 
considered in comparing, e.g., the three-parameter Model 1 (B^) to the 
seven-parameter Model 1 (By), 


^7= ^ + ^X,B7 " (1 + R (3-108) 

B3: 


Solving for the translation parameters and subsequent subtracting yields 

TB7-TB3 = -n + A)R(U^ + + VX.B7 - Vx,B3 ( 3 -H 0 ) 

or 


-> 

Tr 


-> 

Tr 




Ttb 


(1 + a)R(U + Vjj^g^) + (U + V|j g^) + V 


U,Bg^ ^ ’'X,B7 ’'X,Bg 


(3-111) 
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Recalling the comparison of the full Models 1 (By) and (My), and especially 
equation (3-35) : 

y 

- n + A)R(U^) + (3-35) 

the resemblance between (3-35) and (3-1 1 1 ) is striking, realizing that 

in a local area (geodetic datum) 

-^b 

u, . u 

With the assumption that R e I, and A = 0 in the three-parameter model 
does not cause increased Vy^g^' s and (but are in the same residual 

noise as the Vy^g^'s and Vx^By'^)* equations (3-111) and (3-35) reveal 
that Tg^ will generally be close to In other words, the tendency is 

that the translation parameters in the three-parameter solution of Model 1 
(Bursa) will be very similar to those in the seven-parameter solution of 
Model 2 (M-Badekas). See Table 5-1, section 5-6. The main conclusion is 
that three-parameter transformations should not be used if A is significant. 

This agreement between the translation parameters of My and Bg might 
have been the reason that Badekas' interpretation of Molodenskii ' s formulas 
enjoyed such an interest by geodesists for such a long time. 

3.5 Similarity Transformation Models for More 
Than Two Sets of Coordinates 

Recently models have been proposed to connect more than two sets of 
coordinates by similarity transformations. One such proposed model , 
described in section 2.4, transforms a satellite system on one hand and 
several geodetic .datums on the other hand into the Average Terrestrial 
system. The "component-transformati ons " can be any variation of Model s 1 
(Bursa), 2 (M-Badekas) or 3 (Veis). 
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The quoted Model 4 (Vanicek-Wells) consists of a six-parameter 
Model 1 (a satellite to Average Terrestrial ) on one hand and a five- 
parameter Model 1 (geodetic to Average Terrestrial ) on the other hand 
(equation 3-26). 

The only remark which can be made regarding the geometrical inter- 
pretation of the translation vector (= fg - fg, see equations 2-25 

and 2-26) , denoting the translation of the geodetic datum with respect to 
the satel 1 ite system, is that its components are expressed neither in the 
geodetic nor in the satellite system, but in the Average Terrestrial 
system. 
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3.6 Conclusions 


(1) Only Model 1 (Bursa, seven parameter) gives a geometrically mean- 
ingful translation vector between the origin of both coordinate systems. 

The translations as obtained from Model 1 and Model 2 are fully interdependent 
and their relation is expressed by equation (3-35). 

(2) Both sets of parameters as obtained from Model 1 (Bursa) and 
Model 2 (M-Badekas) are completely equivalent when used in direct trans- 
formations, i . e . , the same coordinates and variance-covariance matrices are 
obtained for the transformed coordinates. 

(3) The correlation coefficients between parameters are significantly 
higher in Model 1 (Bursa) than in Model 2 (M-Badekas). The correlation 
coefficients are a function of the selected mathematical model. They 
reflect the geometry with respect to that particular model. It should be 
recognized that the decreasing magnitude of the correlation coefficients 

in Model 2 is essentially due to the different definition of the trans- 
formation parameters. 

(4) The translation vector as obtained from the seven-parameter 

Model 2 (M-Badekas) is generally close to the translation vector as obtained 
from the three-parameter Model 1 (Bursa). For this reason three-parameter 

transformations should be used only when A ~ 0. 

(5) Model 2 (M-Badekas) and Model 3 (Veis) are identical except for 

a redef ini ti on of the axes about whi ch the rotati ons take pi ace . They 
give identical scale factor and transl ati on components . 

(6) Model 2 was attributed to Molodenskii by Badekas (1969) 
presumably based on the treatment in (Molodenskii et al . , 1962, page 14). 

At this point, however, it should be questioned whether the transition 
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from Mol Odens ki i ' s derivation (Molodenski i et al . , 1962) to Badekas ' 
so-called "Molodenskii Model" (Badekas, 1969) can at all be done or has 
been done correctly (Soler, 1 976) . 

(7) If a four-parameter transformation is performed (translation 
and scale) both Model 1 and Model 2 give the same scale factor which is 
identical to the scale factor obtained in a seven-parameter solution. 
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4. SOME PITFALLS TO BE AVOIDED IN SIMILARITY TRANSFORMATIONS 


Methods to compute similarity transformation parameters separately have 
been proposed in the geodetic literature as early as 1 967 (Bursa, 1967). In 
this reference, a method is described to determine the rotational parameters 
from directions. A similar approach to compute the scale factor also 
separately from chord comparisons can be found in (Kumar, 1972). In the 
latter reference, this 1 ine of thought is extended to the estimation procedure 
from separate adjustments some similarity transformation parameters are 
computed together with their variances/covariances. In the subsequent adjust- 
ment of the general similarity transformation model , these separately computed 
parameters are weight-constrained using the earlier obtained (co-)variances. 
The selection of coordinate functions (directions, chords) in (Bursa, 1967) 

as well as in (Kumar, 1972) is such that it contains all combinations between 

1 , 

the points (e.g., in case of n points all 2 ■ U possible chords are used) 

In this section it will be shown that: 

A. If two sets of points differ by a similarity transformation, the 
chords between points do not yield additional information concerning scale, 
directions do not add information concerning rotation, and chord ratios do 
not yield extra information concerning translation, contrary to (Kumar, 1972). 

B_. The three coordinate functions (chords, directions and chord ratios) 
only furnish methods to compute similarity transformation parameters 
separately. However, great care should be exercised in selecting the set of 
coordinate functions as overlooked in (Bursa, 1 967 and Kumar, 1 972) . 

In the following discussion, the A1 model (3-15) is used as an example. 

X = X R U + T (4-1) 

This model was previously referred to as the Bursa model . 
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Similarity Transformation: General Adjustment or Stepwise Adjustment? 


If a set of coordinates of n points is given in two different coordinate 
systems, it is often desired to know the set of seven parameters which trans- 
forms one system into the other (assuming that the hypothesis of similarity 
between the two systems is justified). 

A set of n points yields 3n equations with seven unknowns , 

= X R U^- + T i = 1, n (4-2) 

or 


■^i' 


1 

o 

o 

C/) 

COSo) 

COSe 

sino) + 

sine 

sim|j 
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- 

sine 
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COSe 

COSip 








^0 

X 

''i 

+ 

yo 


-Wi- 


-^0. 


(4-3) 


Clearly, at this stage a least squares adjustment could be performed on 
this set of (nonlinear) equations with degrees of freedom 3n - 7. 


4.1 Scale from Chords 
4.1.1 Mathematical Derivation 

From equation (4-3) it is readily, recognized that before performing 
a least squares adjustment one mi ght el iminate three parameters (xq, yp, Zq) 
by subtracting, for instance, the set of equations for point 1 (i = 1 ) from 
al 1 the other following equations : 
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J 

X 

X 

1 


Rn Ri2 ”^13 


u.- Ut 

yi- yi 

II 

R 21 R 22 R 23 


< 

«>Ji« 

1 

< 

I — 

N 

1 

N 

1 


R 31 R 32 R 33 


w^.- w^ 


Equation (4-4) is identical if the original equations are either 
X = XR U + T Bursa 


(4-4) 


or X = XR(U - Uq) + Uq + T M-Badekas 

Thus, the scale and rotational parameters in both models are identical. 

At this point a least squares adjustment of these coordinate differences 
would yield a solution vector for the parameters e, co and X. Set (4-4) is 
a set of 3(n-l) equations with four unknowns. Still, the degrees of freedom 
are 3(n-l ) - 4 = 3n - 7. 

Set (4-4) written out gives 


(Xj- x-j ) = X{Rii(u^-- u-j ) + R]2^'^i” ^1^ ^13^^i” '^1^^ (^”5) 

(yi" yi ) ” x{R 2 ](u-{- U] ) + R22('^i“ '^l) ^23 ('^i” ''^1^^ i = 2, n (4-6) 

(z^.-'z-j) = X{R3 i(u^.- u-| ) + R32('^i'‘ ^SS^'^i" ^1^^ , (4-7) 


Now eliminate the three rotation angles e, 
equations. Introducing the following notation: 

Xii = x^. - X-, 

yii = y^ - yi 


ip and CO from the above 


(4-8) 


etc. 

and squaring equations (4-5), (4-6) and (4-7) gives 


Axfi = x2(Rf-jAufi + R-|2^^il 


+ R^jAW?! + 2R^7RV2A^>^•^ " 

+ 2RiiRi3AUiTAW.^+ 2R^2’^^3 Av.^aw.^ 


(4-9) 
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’ ■ ay-T = a2(r|^Au?^ + R^2*v?^ + r|3Aw 2^ + 2R2TR22AUiiAV.^ + ^ 

+ 2R2^R23Au.^Aw.^ + 2R22R23Av.^Aw.^)- (4-10),,^ 

Az^"^ = + R32^''i1 ^ '^33^“il ^ 2 R 3 iR 32 Au^iAv.^ + 

+ 2R„R, Au. AW., + 2R„R„AV AW ) (4-11) 

31 33 il il 32 33 i1 il 

i = 2, ..., n 

The elimination of the three unknowns e, Tp, os from these 3(n-l) nonlinear 
equations is not obvious and great care should be exercised. 

Looking at equations (4-9), (4-10) and (4-11) and keeping in mind the 
conditions imposed on (see (3-4)), it may be seen that adding each set 
of three equations for each point i results in 


Ax 


il 


+ Ay?T + Az^^ 


= x2(au?^ + AV?1 + AW?^) 


i = 2, 


(4-12) 


This is a set of (n-1) equations with one unknown, which means (n-2) 
degrees of freedom. 

Going from (4-9) - (4-11) to (4-12), (3n-7) - (n-2) = (2n-5) degrees 
of freedom have been lost, which is obviously wrong. 


One has to go back to the set (4-5) - (4-7) to see what actually 
happened. If each equation in that set is numbered and represented symbol- 
ically by [i], one sees that equations (4-5) - (4-7), looking like 


[ 1 ] 

[ 2 ] 

[3] 

[4] 


[3n-3], 

have been transformed to a set of equations (4-12) looking like 
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[ 1]2 + [ 2]2 + [ 3]2 

[ 4]2 + [ 5]2 + [ 6]2 

[3n-5]2 + [3n-4]2 +'[3n-3]2 

This implies that the three rotational parameters are not eliminated 
from the combinations of coordinate differences, which are not dependent on 
each point. In other words combinations consisting of [1], [4], [5] or 
[2], [4], [5] etc. are omitted. 

This omission can be accounted for by subtracting the set of coordinate 
differences (4-5) - (4-7) for i = 2 from all the other coordinate differences, 
yielding 

AXj2 = '^13*”j2^ 

Ayj2 = ^(R2i'^Uj2 + ^22 ^^j2 ^ ~ (4-14) 

AZj2 = ^(R3i*“j2 ’^32^''j2 '^33*'^j2^ (4-15) 

Following the same procedure of squaring and adding, the result becomes 

^•2 " " "^j '2 = ^'(^-2 " %-2 " ^' 2 ^ 3 = 3. .... n (4-16) 

This is a set of (n-2) equations with one unknown. The same procedure 
applied to the coordinate differences (4-13) - (4-15) by subtracting the 

first set (4-13) - (4-15) for j = 3 from all the other coordinate differences, 
yields 

AXr3 = x(R-|iAU|^3 + R]2^^k3 ‘‘‘ ^13^'^k3^ 

AYk3 = ’^(R2l'^“k3 '^22'^'' k3 *^23“k3^ ^ 

*^k3 " ^^'^3l'^“k3 * S2*''k3 '^33*'^ k3^ 
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(4-17) 

(4-18) 

(4-19) 



Again, squaring and adding results in 


k = 4, n (4-20) 
i=2, n 

j=3, n (4-21) 

k=4, n 

47 

This is a set of (n-1) + (n-2) + (n-3) = (3n-6) equations with one unknown. 

Now the degrees of freedom of (3n-7) has been preserved. Symbolically, 

(4-21) can be written as 

[ 1]2 + [ 2 ]^ + [ 3]2 
[4]" + [5]" + [6]^ 

[3n-5]^ + [3n-4]^ + [3n-3]^ which are (n-1) equations 

([4]-[1])2 + ([5]-[2])2 + ([6]-[3])2 
([7]-[1])2 + ([8]-[2])2 + ([9]-[3])2 

([3n-5]-[l])^ + ([3n-4]-[2])^ + ([3n-3]-[3])^ which are (n-2) equations 

(C7]-[4])2 + ([8]-[5])2 + ([9]-[6])2 
([10]-[4])2 + ([11]-[5])^ + ([12]-[6])2 

([3n-5]-i4])2 + {[3n-4]-[5])2 + ([3n-3]-[6])^ which are (n-3) equations 

the chord distances between the points 1 , 2 and 3 and any other point of 
the complete set of points. Consequently, (4-21 ) can be wri tten as 


+ ^^k3 + ^^"k3 = + ^'^k3 + *k3> 


Collecting the sets (4-12), (4-16) and (4-20) 


. 2 , 2 . 2 

AXil + + AZ^.^ 

axj?2 + Ay|2 t 
“k3 ^ "^k3 ^ ^h3 


x2(au^?^ + + */^^) 

^^(^“k3 " "''k3 " K3) 
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i = 1, 2, 3 
j = U n 
3 > 1 


(4-22) 




It has been shown that computing a scale factor X from the general 
similarity transformation model (4-2) or (4-3) is equivalent to the compu- 
tation of the scale factor x doing a compari son of a proper set of chords 
(4-22) . A numerical example shows that the outcome of the scale factor and 
its variance are identical using both methods (see section 4. 5) . 


4.1.2 Geometrical Verification 

The derivation in the previous section can be verified geometrically. 
If one thinks of positions of points determined by their distances to 
other points, then each point is determined in position by three di stances 
to three other points (Fig. 4-1). 



Fig. 4-1. Positioning by Chords 


If one has a set of five points and conveniently determines each point 
in position with respect to the same three points, the following set of 
chords are obtained (Fig. 4-2): 

'"12 '"23 '"34 

'"13 '"24 '"35 

'"14 '"25 

'"15 
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4 

> 

\ 

V 

\ 

\ 

\ 


3 

F1g. 4-2. Positioning by Chords (5 Points) 

The above set of chords forms a geometrically independent set of chords 
in the sense that the chord r^^ can be omitted as a tenth chord since r^g 
can be computed from the other nine (independent) chords. 

Consequently, in an adjustment procedure where the scale factor 
is going to be computed from chords (4-22) between n points, only an 
independent set of chords should be used and not the set of all possible 
combinations of chords. An independent set of chords between n points 
contains 

(n-1) + (n-2) + (n-3) = 3n-6 chords 

while the set of chords in all possible combinations contains 

n(n-l)/2 chords! 

Every attempt to obtain a least squares solution using (4-22) with 
all n(n-l)/2 combinations will fail due to singularity problems. 

Denoting (4-22) as in (Uotila, 1967) by 

F(L^, X^) = Fdb + V, Xq + X) = 0 
where ' 

L|j are the observations (in this case the chords in both coordinate 

systems) 
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^ are the unknowns (in this case the scale factor x)(Xg = Xq + X, 

X obtained from least squares adjustment) 

with A = 3 F/3 Xg, B = 3 F/3 L^, W = F(Lj^, X^) and (variance/ 

covariance matrix of the observations), one obtains 
Xa = X, - (aV^A)-I aV’w (= 
and M = B 

If a set of chords in all possible combinations is being used, the 
matrix M is singular due to the dependency in the observations. The 
procedure as mentioned in (Kumar, 1972) that the scale factor can be 
obtained from n(n-l)/2 chords is therefore in error. 

The reason that the singularity of matrix M was never felt is due to 
the fact that the scale factor A was not obtained through a rigorous least 
squares adjustment of (4-22) but was obtained in a weighted mean sense. 
Basically, this method neglects the off-diagonal elements in the matrix M 
so that this matrix suddenly becomes invertable. 

As one can see from section 4.5, the scale factor A as obtained from the 
weighted mean method will not differ too much from the scale factor as 
obtained from the rigorous least squares adjustment. However, due to the 
fact that 

n(n-l )/2 » 3n-6 

for a large n the difference between the degrees of freedom may yield an 
unreal istically small variance for the scale factor if the weighted mean 
procedure is used. 

An apparent disadvantage of the chord comparison is that the property 
of having each point equally represented in number in the model (4-3) is 
lost. Moreover, a number of independent sets of chords can be generated; 
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for instance, the method of determining each point (4, n) with respect 
to a basic set of points (1, 2, 3) was mentioned earlier. This basic set 
can be changed in a number of ways, but always results in overrepresenting 
those points in the equations which form that basic set, e.g. , 


’"12 

'"23 

'"34 


^13 

'"24 

'"35 



'"25 

'"36 


H5 

'"26 

'"37 


He 

'"27 



’^17 




A method which approaches closest the equal representation is the one 

in which each point is determined in 

position 

with respect to its three 

preceding points, e.g.: 




'"12 '”14 

'"25 

'"36 

’^47 

ns •'24 

'"35 

'"46 

^"57 

>"23 ''34 

'"45 

'"56 

^^67 


A numerical example shows that the outcome of the scale factor is not 
dependent on the choice of the basic set (section 4.5). 
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4.2 Orientation from Directions 
4.2.1 Mathematical Derivation 

As in section 4.1.1 for the scale factor, it is possible to compute 
the orientation angles exclusively from two sets of coordinates by 
eliminating parameters from equation (4-3) in a proper sequence. 

First of all, the origin parameters are el iminated from the equations 
by subtraction. ( See equations (4-4) and (4-5) - (4-7).) Instead of 
el iminating the orientation angles to obtain the scale factor exclusively, 
now the scale factor will be el iminated first in order to be left with 
equations in which the orientation angles are the only parameters. 

Starting from equations (4-5) - (4-7), the scale factor can be eliminated 
by dividing the second equation by the first, and the third equation by the 
square root of the sum of the first two for each point i. Thus 


AX-I R^^AU.^ + 


with 


"^AX?, 

Il 


+ Ay: 


RsiAUji + R32 AVt-i + RggAW-ji 

VW 


DN = { r\i + R|l)^^il (^12 '^22)^''il (*^13 ^ 43^^^il'^ 

+ 2(R^^R^2 ^ ^21^22^^^il^''il ^^*^ll'^13 ^21*^23^^“il^^il'^ 

+ 2(Ri 2R-|3 + f^22^23^^'^il'^^il (4-25) 


This set (4-23) - (4-25) contains 2(n-l) equations with three unknowns 
(e, i^, oj) which yields 2n-5 degrees of freedom which obviously is not sufficient 
to obtain the required 3n-7 degrees of freedom. The cause is that the seal e 
factor X is only eliminated in each triplet of equations (three equations 
per point). 
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' In a similar way as in section 4.1.1 in equations (4-13) '- (4-15) , 
the complementary set of (independent) equations are obtained by using 
the coordinate differences as computed for point 2. 

From equations (4-13) - (4-15) one gets directly 




R^lAu,j2 


+ R22AVj2 

+ R]2^''j2 


+ R23«j2 


+ Rl3AWj2 


j = 3, 


n 


(4-26) 


This set gives (n-2) additional independent equations. The correct degrees 
of freedom are then 2(n-l) + (n-2) - 3 = 3n-7. Collecting the sets of 
equations (4-23), (4-24) and (4-26), one has 

^^il _ ^21 ^^il ^22^^ il ^23^^ il 

AXii + R]3AW^.^ 


AZ 


il 




il 


+ 


Ayfi 


R3lAUji + R32AV-}-| + R33 AW.}i 

Vdn 



n (4-27) 
n 


^yj2 ^ R2 iAUj 2 + R22^^.i2 ^23^^j2 

AXj2 '^12^''j2 *^13^'^j2 

DN = (Rf^ + R2i)^^i] + (Ri 2 + ^ ^’^?3 ^23^^il 

+ 2(RiiR-| 2 + R21^22^^^il^'^il ^ ^^^11^13 ^21 *^23^^“ il^il**" 

+ 2(R-|2R]3 + R22^23^'^^il^'^il 


Notice that the set of equations (4-27) represents two topocentric 
angles a and 5 defining directions in local systems parallel to the 
XYZ reference system (Fig. 4-3). • . 
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Fig. 4-3. Topocentric Angles a and 5 

It has been shown that computing the orientation angles e, w from 
the general similarity model (4-2) or (4-3) is equivalent to the computation 
of the orientation angles e, ip, co using a proper set of directions. 
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4.2.2 Geometrical Verification 

If one is allowed to determine the relative positions of n points only 
with the help of directions, the following observations can be made. 



Fig. 4-4. Positioning by Directions (from One Point) 

Having a set of directions originating at one point (Fig. 4-4) leaves 
the other points only one degree of freedom in relative position with 
respect to point 1 (i.e., the freedom to move along line li). This 
initial set contains then 2(n-l) directional angles (a, s). 

The last degree of freedom can easily be resolved, for example, by 
giving directions from poi nt 2 to al 1 other poi nts . Si nee the directional 
vector can only move in the plane spanned by the directional vectors 12 and 
li, only one quantity (a or 5 ) is needed to determine the relative position 
of point j with respect to points 1 and 2 (Fig. 4-5) . 

Consequently, an independent set of directions between n points 
contains 

2(n-l) + (n-2) = 3n-4 directional angles 
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Fig. 4-5. Positioning by Directions (from Two Points) 

The procedure as mentioned in (Bursa, 1967) that the rotating elements 
between two coordinate systems can be obtained from all possible n(n-l) 
directional angles is in error for the same reasons as extensively 
explained in section 4.1.2. 

In a similar way, unrealistical ly small variances will be obtained 
for the orientation angles if the weighted mean method is used (Bursa, 

1967, p. 392). Once more, if a strict procedure of propagation of error 
is followed, least squares estimates for the orientation angles cannot be 
obtained due to singularity of a matrix caused by the dependency in the 
observations. • * . ■ 

4.3 Origin from Chord Ratios 

A procedure similar to the one with which the scale factor from 
chords was obtained can be followed to compute the origin from chord ratios. 
One recalls that the procedure of eliminating parameters as used in v 
section 4.1.1 resulted in chords generated from three points to all other 
points. If chords are now generated from the (unknown) origin and two 
other points, one gets a set of equations almost identical to (4-21), 
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(4-29) 


2 , 2,2 
AXi ^ + Ay.^ + AZ^.g 

2 2 2 
+ AZ.^ 

^'^k2 ^^k2 


\2(au?q + av?q + aw?q) i=l, ..., n 

x2(au^^ + Av^^ + AWj^) j=2, ..., n 

x 2 (au ^2 + + AW ^ 2 ) l<=3, ...» n 


Recognizing that = 0, we get 


AX 7 + Ayr + Azr = x^(au. + Avf + Awf) i = 1 
TO -^10 TO ^ 1 1 V 


AXji + Ayj-, + AZji = x2(au?^ + AV ?1 + AW?^ ) j=2, ... , n (4-30) 

2 .... 2 


Axf^ + Ayf^ + Azf^ 
k2 '^k2 k2 


= x2(Au^2""''k2^*y k=3, 


This set (4-30) consists of n + (n-1) + (n-2) = 3n-3 equations with four 
unknowns X, x^, y^, z^. The degrees of freedom are still (3n-3) - 4 = 3n-7. 
If the scale factor is computed from the first equation for i = 1 and 
substituted in the remaining equations, one gets 
(AX?g + Ay?g + A2?jj)/(AU? + AV? + AWp = 

(ax^^q + Ay^g + az^jj)/(au^^ + AV^ + i=2, .... n 

(Ax^g + Ay^g + Az^g)/(AU^ + Av^ + Aw^) j=2, .... n (4-31) 

(ax^2 *yk2 ■*■ '^^k2^''^^‘^k2 ®k2 ''' **k2^ 

(ax? + Ay? + az^|j)/(au^^ + av^ + Aw^^) k=3, .... n 


Recognizing that the set of equations (4-31) are relationships between 
ratios of chords squared, (4-31) might be simplified by taking the square root 



R„ /Ry 
^lo ^lo 

i=2. 

..., n 


II 

X 

o 

cz 

o 

j=2, 

..., n 

(4-32) 

/Rn = 
: ^k2 

Rx /Ry 

no no 

k=3. 

..., n 
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This set (4-32) consists of (n-1 ) + (n-1 ) + (n-2) = 3n-4 equations with 
three unknowns Xq, Yq, Zq. The degrees of freedom are preserved: (3n-4) - 3 = 
3n-7. ’ 

Even shorter 

K /R„ = Ry /R„ i=0, 1, 2 (4-33) 

^ij ^1o ^lo j=2, n 

3 > i 

It has been shown that computing the origin Xq» Yq, Zq from the general 
similarity model (4-2) or (4-3) is equivalent to the computation of the origin 
Xo» Yq> Zq ^ comparison of a proper set of chord ratios. 
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4.4 Summary 


Sections 4.1 through 4. 3 might be summarized in the following diagram: 


General Similarity Transformation Model 
Between Coordinate Systems X and U 

X ~ X RU + X (x Xq 9 y Q } Zq ) 


Parameters to 
Be Obtained 
Separately 

Scale Factor 
X 

Orientation 

£, Tp, 03 


Parameters to Be 
Eliminated FIRST 
from General Model 

Origin 

x^, y„, 

0 0 0 

i 

Origin 
"o> ^0’ ^0 

1 

Orientation 

e, 03 

1 

Resulting Model 

Coordinate 

Differences 

I 

T 

Coordinate 

Differences 


Parameters to Be 
Eliminated SECONDLY 
from Previous Model 

T 

Orientation 

£, Tp, W 

1 

Scale^ Factor 

X 

1 


RESULTING MODEL 

CHORDS 
Rw " ^ 

^ij ^ij 

(4-22) 

i=l, 2, 3 
j=l, ..., n 
j > 1 

DIRECTIONS 

tan ot j 1 = ... 
tan 5 1 1 = ... 
tan aj 2 ~ . . . 

(4-27) 

i=2, ..., n 
j=3, ..., n 

CHORD RATIOS 
Rxij/Ruij = 

(4-33) 

i=0, 1, 2 
j=2, ...» n 

j > 1 


This diagram and the previous sections show just one way of obtaining 
specified sets of parameters separately. 

Taking section 4.2.1 as an example, the scale factor X has been 
eliminated in such a way ((4-23) and (4-24)) that the geometrical interpreta- 
tion of "local geodetic" hour angle and declination was arrived at. An easier 
way of eliminating the scale factor X is to divide all the coordinate 
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differences (4-5) - (4-7) by Ax-j i . In this case the title of section 4.2.1 
could have been: Orientation from Ratios of Coordinate Differences. 

The reader might be able to derive even more ways of parameter 
elimination resulting in final equations which have different geometrical 
interpretations but will eventual ly yield the same values. 

The final recommendation might be that no attempt should be made to 
spl it up the general similarity model into partial models for the following 
reasons : (a) the results will be identical since the partial models do not 

contain additional information about transformation parameters; (b) since 
the results will be identical, all seven transformation parameters will be 
obtained in one single adjustment. It should be noted that the similarity 
does not only refer to the value of the transformation parameters but also 
to their variances and covariances. 

4.5 Numerical Example 

An example has been computed using 13 stations in Europe. The 
coordinates were given both in the European Datum 1950 System and in the 
OSU WN14 System, as derived from satellite observations (Leick et al., 

1975). 

The scale factor and its standard deviation as obtained from the 
general similarity transformation model using the program as described in 
(Kumar, 1 972) were 

X = 1 + 5.92 X lo'® 

Ox = 3.54 X 10'® 

A separate adjustment program has been wri tten to obtain the scale 
factor from chords (4-22) . The result (in perfect agreement with the above 
one) was 
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X = 1 + 5.9181 X 10"® 

= 3.5393 X 10‘® 

Different independent set of chords yielded the same values. 

However, the weighted mean method using all possible chords as 
described in (Kumar, 1972) yielded: 

X = 1 + 6.20 X lo'® 

= 1.71 X 10"® 

The standard deviation is much too optimistic. 
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5. DISTORTIONS IN GEODETIC DATUMS FROM SIMILARITY TRANSFORMATIONS 

5.1 Procedure 

During recent years geocentric coordinates have been determined in 
many parts of the world from satel 1 ite Doppler tracking. These coordi- 
nates are known to be very accurate and homogeneous and are based on the 
precise ephemeris furnished by the Naval Surface Weapon Center. These 
coordinates constitute a good compari son standard with respect to the 
geodetic coordinates. 

The procedure used in this analysis is as follows. A transformation 

between the Cartesian coordinates (X) from the Doppler solution and the geodetic 

coordinates (U) is carried out. The geodetic Cartesian coordinates are 

obtained from conversion of the geodetic latitude (p, the geodetic longitude 

X, the orthometric height H, and the geoid height N_. If h is the height 

b 


above 

the ellipsoid. 

e.g. 

9 





h = 

H + 

Nq 



(5-1) 

then 








u = 

(N + 

h) 

COS 

(f> cos A 

(5-2) 


V = 

(N + 

h) 

cos 

(P sin X 

(5-3) 


w = 

^ 2 

N + 

h) 

sin <p 

(5-4) 


where a and b are the semi major and semi mi nor axes of the reference 
el 1 ipsoid, and N is the radius of curvature in the prime vertical . After 
determining the transformation parameters between the two systems from a 
least squares solution, the systematic differences between the two sets of 
coordinates should be absorbed by the transformation parameters , and the 
residuals should appear randomly provided that 
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(a) the mathematical model for the transformation is correct, 

(b) there are no patterned distortions in either set of coordinates. 
Thus, the only task remaining is that of scanning the residuals for 
systematic behavior. This is most efficiently done by representing the 

di fferences between the residuals for each coordinate of the same station 
in a map. It is then possible to interpolate so-called iso-residual - 
difference-1 ines which will demonstrate the systematic behavior of the 
residual differences adequately. In principle, three maps can be plotted 
for each datum and transformation model. In order to simplify the inter- 
pretation, the residual differences are expressed as residual differences 
in geodetic coordinates X, h instead of Cartesian coordinates. The 
relation between these types of residuals is given by 


■(M+h) V, 

9 


”- sin cj) cos X - sin (|) sin X cos (p 



(N+h) cos (f> V 

A 


- sin X cos X 0 


''y 



cos (p cos X cos (|) sin X sin (j) 


Jz. 


5.1.1 Weighting of Observations 

The Cartesian coordinates of the satellite and the geodetic systems 
are taken as observations. The procedure described above is valid rigor- 
ously only when the full variance-covariance matrices for the two systems 
are available. Generally this is not the case. The situation for this 
study is as follows: 

(1 ) The correlations between the coordinates of various stations in the 
geodetic system are not known. Also, the covariance matrix for the 
set of satellite coordinates is not available. 

(2) The correlation between the coordinates of the same station cannot be 
establ ished reliably. For the Doppler coordinates only the statistics 
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reflecting the internal accuracy of the position are available. 

These statistics cannot be used as an assessment of accuracy. It was , 
therefore, decided to use in al 1 computations an estimated accuracy of 
± 1.5 m for each of the coordinates. The accuracy of the geodetic coor 
di nates was estimated from the empi rical formulas of Simmons (1950) . 


At a first glance the value of the whole investigation may seem to be in 
doubt because of the lack of appropriate statistics. It is true that it 
is difficult to assess the effect of not having the correlation between 
stations; however, once a diagonal weight matrix had been accepted, it was 
verified numerically and theoretically that the resulting residual differ- 
ences are relatively insensitive with respect to the selection of the = i 
variances for the station coordinates. Using the weight matrix as expressed 
in (3~64), and using the notation of Section 3, it is easily verified that..- 
equation (3-55) becomes 


-1- j 


- 1 , 


X = - S ^ {A^^(k Xu. + 'Ai>J ^ ‘Wj (5-6) 


r r r j 
1 X {/ 
j=l 

k is a factor which allows the scaling of the variances of the geodeti c 
coordinates with respect to those of the satellite coordinates. Extensive 
trial computations were performed with reasonable variation of k and 
different selections of Xy It was found that the parameters X do not 
change significantly (less than once the standard deviation), k was 
finally selected such that the variance of unit weight aj was close to 
unity for a seven-parameter transformation. 

For this investigation it is also important to see how the residuals 
are effected by the variations in weight. The corresponding equations are 
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(5-7) 



and 

^x.- Vy. = A^-X + (5-9) 

Equation (5-9) shows that the residual differences depend only indirectly 
through the parameters X on the selection of the variances. It was found 
empirically that the residual differences alter by only a few decimeters 
when changing the variances within reasonable limits. This amount is well 
within the required accuracy of this analysis. 

0^2 Distortions in the North American Datum (NAD 1927) 

There are a great number of Doppler stations available on the North 
American continent. The vast majority of station coordinates are given in 
the system NWL lOE - 9D which is to be interpreted as the 9D-datum and the 
lOE-gravity model. The remaining few stations are from solution NWL 9B-9D. 
The lOE gravity model which is used operationally is actually an augmented 
version of the model 10 D07 which, in turn, is the successor of gravity 
model 9B (Anderle, 1975). Both sets of station coordinates can be combined 
in the analysis without losing accuracy. It is, however, important to 
real ize that the coordinates given are characteristically different from 
the set known as NWL-lOF which aims to establish the correspondence of the 
Doppler network with terrestrial and VLBI surveys . The heights were 
al tered to accommodate the scale discrepancy. It also includes a small 
longitudinal rotation to match the latest gravity observations 


66 



in the North American Datum (since the Doppler longitude is arbitrary) . 

The coordinates in the NWL lOF system are computed from the NWL 9D 
coordinates as follows: 

X' = X + 0'.'26 (x east is positive) 
h' = h - 5.27 m 

where h and h' are heights above a selected common ellipsoid. 

The NAD 1927 positions form the second set of coordinates to be 
used in this compari son study. The heights above the reference ellipsoid 
are obtained from the orthometric heights for the station mark plus the 
geoid heights which refer to the astrogeodetic geoid having zero undulation 
at the initial point of triangulation, e.g., Meades Ranch. 

As explained earlier, a variance of 2.25 was assumed for each 
of the Doppler coordinates. The variances of the NAD 27 coordinates were 
computed according to the empirical formula by Simmons (1950). 


a 



{ ! 



(5-10) 


where M is the distance from the initial point of the tri angulation 
(Meades Ranch). These variances were scaled by a factor k such that 

the variance of unit weight was close to unity, k was found to be 

0 

k « 0.16 

This value might indicate that Simmons ' rule yields somewhat too pessimistic 
variances. But it should be remembered that Simmons* rule actual ly is meant 
to give the accuracy of distances between points and not the accuracy for 
each of the coordinates. . - V . 

A summary of transformation parameters is given in Table 5-1 . Other , 
tables showing the correlation coefficients are Tables 5- 3 through 5-7. 
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Figs. 5-1 through 5-3 are the corresponding residual maps. 

It has been argued for quite a long time that there are significant 
scale variations within the NAD 1927. To estimate these variations an 
empirical method was devised which associates a scale distortion number 
with each station P^. . This number is obtained by computing an average sta- 
tion scale factor from chord comparisons , using chords starting at Pj . The 
method is strongly dependent on the choice of the lengths of the chords used 
in the comparison. The use of long chords weakens the representation of 
"local" distortions. A map would show a smooth picture. In contrast, the 
use of only short chords creates an unrealistically rough and inaccurate 
representation. It was, therefore, decided to attempt the following two 
versions : 

(1) All the chords starting at P-j up to a length of 1500 km were compared 

and averaged (Fig. 5-4). 

(2) All the chords starting at P-j and having a length between 1000 km and 

2000 km were compared and averaged (Fig. 5-5). 

Both maps indicate a significant scale difference for the Eastern and 
Western halves of the United States. When trying to assess the accuracy 
of these two maps one should remember the limitations in accuracy which are 
inherent in the method of their design. They might be useful for scale 
model ing. In this investigation they were only used to justify the spl itting 
up of the total area into an Eastern part and a Western part, roughly along 
the longitude of Meades Ranch. 

Subsequently, the same procedure as described for the NAD 1 927 was used 
separately for the Eastern and the Western parts. The results are given 
in Table 5-1 , Tables 5-8 through 5-11 , and Figs. 5-6 through 5-11 . The 
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results convincingly confirm the existence of large scale variations 
between the two parts of the NAD 1927. Also, quite significant differences 
in orientation could be detected. 

5.3 Distortions in the North American Datum (NAD - MR 1 972) 

Although rather unlikely, the distortions found in the previous com- 
parisons might be attributed equal ly to both the Doppler system and the 
NAD 1 927 coordinates. To clarify which contributes more, another comparison 
was made between the Doppler stations and the stations on the N6S trans- 
continental precise traverse, which are known to be of superior qual ity. 

The geodetic positions of the stations, referenced to the NAD - MR 1972 
Datum, were obtained from adjustments as follows (Meade, 1975): 

(1) Western loop adjustment of the transcontinental traverse. This 
loop involves stations 10006-10018-51103-30098-30099-10006. The 
NAD 1927 position of Meades Ranch was used for position control. 

(2) Eastern loop adjustment of the transcontinental traverse. This loop 

involves stations 10006-10019-20001-51068-20016-10018-10006. Alsa-., 

\ 

the loop involving station 10003 and section from 20016 to junction ■ • 
near 10019. The NAD 1927 position of Meades Ranch was used as 
position control. 

(3) Northeastern section of the western loop from junction north of 
Meades Ranch to 51044 to 30099. The junction point north of Meades 
Ranch and station 30099, as determined in the western loop adjustment, 
were used as position control . 

(4) Positions of stations 51014-51015; 51048; 10031 ; and 10055 were 
determined from spur adjustment with control from the main traverse 
loops. 


69 



(5) Stations 10018, 51067 and 51030 are common to the eastern and western 
loops. The positions given for these stations are the mean values of 
results from the eastern and western loop adjustments. 

The NAD - MR 1 972 positions are considered as preliminary. A simultaneous 
adjustment of the traverse net will be performed after the field surveys 
are completed. 

The results of the transformations using equal weights are given in 
Table 5-1, Tables 5-16 through 5-19, and Figs. 5-12 and 5-13. The 
scale distortion maps are given in Figs. 5-14 and 5-15. There are no 
indications of any distortions between the NAD - MR 1972 system and the 
Doppler system. 

5.4 Distortions in the Australian Geodetic Datum (Aus) 

The same procedure as described earlier has been followed. The satellite 
data are from solution NWL 8F-9D. The heights in the geodetic data are 
obtained from the Australian Height Datum and the 1971 geoid determination 
(Bomford, 1974). The results are given in Tables 5-2, Tables 5-20 through 
5-23, and Figs 5-16 through 5-17. 

5.5 Distortions in the South American Datum (SAD 69) 

The investigations on the distortion in the SAD 69 system are strongly 
affected by the limited number of Doppler stations available and by their 
distribution. The station positions are referenced to the NWL 9D station 
set and lOE gravity model . The datum used for the geoid heights is the 
SAD 69 with N = 0 at CHUA. The results are given in Table 5-2, Tables 
5-24 through 5-27, and Figs 5-18 and 5-19. 
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Summary of Transformation Parameters: System to NWL 9D 
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1 These parameters are given for comparison with earlier solutions. 

ip, £ when positive, represent counterclockwise rotations about the w,v,u axes, as viewed 
from the end of the positive axis. 

^The rotations a, e refer to the Veis model and are explained in section 2.3 
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1 These parameters are given for comparison with earlier solutions. 

2o), ip, e when positive represent counterclockwise rotations about the w, v, u axes, as viewed 
from the end of the positive axis. 

^The rotations a, e refer to the Veis model and are explained in section 2.3. 
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Table 5-3 


Transformation 

MAO-27 -TO- NWL-<5D (3 PARAMETER ) 


SOLUTION FOR 3 TRANSLATION PARAMETERS 
(UNITS - METFRS ) 


(USING VARIANCES ONLY) 


DX DY 

METERS METERS 

-0.2ail00QlD+02 0,152772810+03 0. 

+ 0.3«? ± 0,39 


VARIANCE - COVARIANCE MATRIX 


M02= 1.56 


0. 1499 3720D+OO 0,0 O. 

0.0 0. 140937200+00 0. 

0.0 0,0 • 0 . 

COEFFICIENTS OF CORRELATION 


0 . 100000000+01 0,0 0 . 

0,0 0 , 100000000+01 0 . 

0.0 0.0 0 . 


DZ 

METERS 

178501140+03 
+ 0.30 


0 

0 

149937200+00 


O 

0 

100000000+01 
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Table 5-3 (cont'd) 


RESIDUALS V 
SPHERI CAL 



VI { 1 

^ AD-27 ) 



V2 ( NWL 

- 9D ) 


VI 

- V2 


ICOOO 

2.11 

1.38 

C.6 

10000 

-2 .46 

- 1.61 

- 0.7 

4.57 

2.99 

1.3 

10003 

- 3.00 

0.32 

1.3 

10003 

1 .86 

- 0.20 

- 0.8 

- 4.86 

0.52 

2.1 

10006 

- 0.08 

1.35 

0.9 

1 0006 

0.05 

- 0.76 

- 0.5 

- 0.13 

2.10 

1.5 

10018 

- 1.63 

- 0.50 

1.5 

10018 

0 .95 

0.29 

- 0.9 

- 2.58 

- 0.80 

2.4 

10019 

0.03 

0.61 

2.1 

10019 

-0 .02 

- 0.30 

- 1.0 

0.05 

0.91 

3 . 1 

10020 

- 0.14 

0.83 

2.1 

10020 

0.07 

- 0.40 

- 1.0 

- 0.21 

1.24 

3 . 1 

10021 

- 1.28 

1.23 

2.6 

10C21 

0.63 

- 0.61 

-1 .3 

- l.°2 

1.84 

4.0 

10022 

- 2.84 

0.08 

0.8 

10022 

1 .52 

- C.04 

—0 .4 

- 4.35 

0.12 

1.3 

10023 

- 3.0 2 

- 0.35 

1.5 

10023 

1 .60 

0.18 

- 0.8 

- 4.62 

- 0.53 

2 , 2 

10031 

- 0.16 

- 5.79 

2.1 

10031 

0.04 

1,64 

-0 .6 

- 0.20 

- 7.43 

2.7 

10055 

£.95 

- 9.28 

0,4 

10055 

-1 .46 

1.96 

- 0.1 

8.41 - 

■ 11.23 

0.5 

20003 

0.72 

- 6.69 

0.1 

2 00 03 

- 0.19 

1.74 

- 0.0 

0.91 

- 8.43 

0 , 1 

20016 

- 3.83 

- 0.67 

2.6 

2 0016 

1 .70 

0.30 

- 1.2 

- 5.^^3 

- 0.97 

3.8 

30025 

l.‘^5 

- 0.11 

1.5 

30025 

- 0.67 

0,04 

- 0.5 

2.63 

- 0.15 

2.0 

30028 

0.62 

0.99 

0.5 

30028 

- 0.46 

- 0.74 

- 0.4 

1.08 

1.72 

0 . 8 

300 29 

8.25 

- 4.01 

- 0.1 

39029 

-1 .98 

0.96 

o.n 

10.23 

- 4.97 

- 0.1 

30098 

5.69 

- 7.45 

- 0.7 

3C098 

- 1.26 

1.64 

0.2 

6 .05 

-9 .OP 

- 0.9 

30099 

9.37 

3.29 

- 0.0 

30099 

-3 .92 

- 1.37 

0,0 

13.29 

4.66 

- 0 . 1 

51008 

0.84 

0.75 

0.4 

51008 

- 0.2 0 

- 0.18 

- 0.1 

1.04 

0.93 

0.4 

51014 

- 4.09 

2.29 

0.5 

51014 

0.87 

- 0,49 

- 0.1 

- 4.96 

2.78 

0.6 

51015 

- 1.21 

2.60 

0.9 

51015 

0.23 

- 0.50 

- 0.2 

- 1.44 

3.10 

1.1 

51025 

- 2.11 

- 0.26 

0.5 

5 1025 

1 .15 

0.14 

- 0.3 

- 3.26 

- 0,40 

0 . 8 

51030 

- 1.14 

- 0.19 

- 0.3 

51030 

2 .28 

0.39 

0.6 

—3 .42 

- 0,5 8 

- A , Q 

51033 

- 0.06 

0 . 56 

- 0.0 

5 1033 

0.13 

- 1.19 

0.0 

- 0.20 

1.75 

- 0.0 

51039 

- 2.89 

- 0.60 

Cci 

51039 

1 .68 

0.35 

- 0.0 

- 4.56 

- 0.9 5 

0 . 1 

51041 

0.60 

0.57 

0.1 

51041 

-1 .27 

- 1.20 

- 0.1 

or. 

• 

1.77 

0.2 

51043 

4.5 8 

3.25 

0.1 

51043 

-2 .51 

- 1.78 

- 0.0 

7.10 

5.04 

O.l 

51044 

2.49 

1.55 

- 0.5 

51044 

- 1 .80 

- 1.12 

0.4 

4.28 

2.67 

- 0.9 

51048 

- 0.64 

- 0.95 

- 0.3 

5 1048 

0 .45 

0.66 

0.2 

-1 .09 

- 1.61 

- 0.5 

51052 

- 1.80 

- 0.88 

- 2.5 

5 1052 

0 .67 

0.33 

0.9 

- 2.47 

- 1.21 

- 3.4 

51066 

6.57 

- 5.97 

- 0.9 

5 1066 

-1 .51 

1.37 

0.2 

8.08 

- 7.34 

- 1.1 

51067 

- 2.01 

- 1.07 

0.7 

51067 

1 .8 3 

0.97 

- 0.7 

- 3.85 

- 2.04 

1.4 

51068 

- 1.80 

1.56 

1.5 

51068 

0 .47 

- 0.40 

- 0.4 

- 2.27 

1.97 

1.8 

51069 

- 1.61 

- 1.05 

1.1 

51069 

0 .43 

0.28 

- 0.3 

- 2.04 

- 1.32 

1.4 

51074 

7.66 

- 3.76 

- 0.8 

51074 

-1 .73 

0.85 

0.2 

9.39 

- 4.61 

- 1.0 

51089 

5.15 

- 7.36 

- 1.3 

51089 

- 1.14 

1.63 

0.3 

6.29 

- 8.99 

- 1.6 

51103 

- 3.11 

- 1.04 

— 0.5 

51103 

1.60 

0.54 

0.3 

- 4.71 

- 1.58 

- 0.8 

51121 

- 3.86 

0.60 

0.7 

51121 

1 .88 

- 0.29 

- 0.3 

- 5.73 

0.89 

1.0 

51123 

- 3.27 

- 0.03 

1.1 

51123 

1 .68 

0.01 

- 0.6 

- 4.96 

- 0.04 

1.7 

51124 

- 2.68 

0.14 

0.6 

51124 

1 .69 

- 0.0 9 

- 0.4 

- 4.37 

0.23 

0.9 

51125 

- 5.55 

2.49 

1.5 

5112 *; 

1 .96 

- 0.38 

- 0.5 

- 7.51 

3.36 

2.0 

51126 

- 5.19 

1.60 

1.1 

51126 

1 .50 

- C.46 

- 0.3 

- 6.69 

2.06 

1 .^ 

52001 

3.56 

- 0.22 

0.1 

5 2001 

- 0 .87 

C.05 

— 0.0 

4 . 44 

- 0.28 

0.1 

52063 

5.22 

- 6.22 

- 0.3 

5206 ? 

- 1.22 

1.45 

O.l 

6.44 

- 7.67 

- 0.4 

10008 

2.53 

3 . 18 

- 0.5 

10008 

-1 .48 

- 1.86 

0.3 

4.01 

5.04 

- 0.8 
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Table 5-3 (cont'd) 


RESIDUALS V 
SPHE9TCAL 


Vl( NAD-27 } 


V2 ( NWL-9D J 



10056 

0.93 

- 7.63 

- 1.8 

19056 

- 0.2 1 

10071 

- 0.16 

-1.4^^ 

0.8 

10071 

0 .09 

20176 

- i.32 

- l . TT ' 

- l .« 

2C176 

0.44 

20177 

- 2.86 

- 2.56 

- 2.0 

20177 

1 .11 

20208 

0.37 

- 4.30 

0.6 

20208 

- 0.13 

30030 

2.90 

- 0.20 

0,8 

30030 

-1 .63 

51004 

1.90 

- 0.67 

-0,4 

5 1004 

-9 . 6 ^ 

51005 

- 1.04 

- 0.51 

0.8 

51005 

0.^2 

51006 

- 4.73 

- 1.05 

-O.B 

51006 

1.89 

51007 

- 1.84 

1 . 1 ? 

- 0.2 

5 1007 

0.58 

51009 

- 4.78 

0.35 

-O.O 

5 1009 

1 .94 

51O10 

- 3.58 

0.4-0 

0.5 

51010 

1 .11 

51011 

5.03 

- 5.16 

0.7 

51011 

-1 .33 

51013 

- 3.5 5 

2.90 

1.2 

51013 

0.84 

51017 

4.61 

1.22 

0.9 

51017 

- 1.11 

51019 

6.00 

1.36 

0.4 

51010 

-1 .25 

51020 

4.75 

- 1 . 2‘5 

2.3 

51020 

- 0.95 

51021 

8.62 

0,65 

0.7 

5 1021 

- 1.50 

51022 

6.7 5 

- 2.88 

0.7 

51022 

- 1.15 

51023 

4.76 

- 6.76 

2.8 

51023 

- 0.77 

51024 

- 3.05 

- 0.53 

0.6 

51024 

1 .40 

51026 

- 2.53 

0.26 

0.8 

51026 

2.32 

51027 

- 0,29 

1.11 

- 0.4 

51027 

0 .39 

51028 

- 1.74 

- 0.17 

0.7 

51028 

1.65 

51029 

- 1.11 

0.31 

- 0.5 

51029 

2.77 

51031 

- C.59 

0.06 

0.3 

51031 

0.39 

51032 

0.53 

0.81 

- 0,3 

5 1032 

- 0.53 

51056 

3.62 

- 0.28 

0.1 

51056 

-1 .6 8 

51057 

4,39 

- 1.66 

- 0.4 

51057 

-1 .54 

51058 

5.17 

- 4.69 

- 1.7 

51058 

- 1.38 

51095 

7.10 

- 0.76 

2.9 

51095 

- 1.28 


1.72 

0,4 

1 .14 

- 9.36 

- 2.2 

0.84 

- 0.4 

- 0.25 

- 2.28 

1.2 

0,58 

0.6 

- 1.76 

- 2.3 5 

- 2.5 

0.9O 

0.8 

- 3.96 

- 3.55 

- 2.8 

1.49 

- 0.2 

0 . 49 

- 6.78 

0 , 8 

0.11 

- 0.4 

4.52 

- 0.31 

1.2 

0,23 

0.1 

2.53 

-0.89 

- 0,5 

0.21 

- 0.3 

— 1 ,46 

- 0.72 

1 . 1 

0.42 

0.3 

— 6 .63 

- 1.47 

- 1 . 1 

- 0.35 

0.1 

- 2.42 

1 .49 

- 0.3 

- 0.14 

0,0 

- 6.73 

0.49 

- 0.0 

- 0.12 

- 0.1 

- 4.69 

0,53 

0 * 6 

1.36 

- 0.2 

6.36 

- 6 . 5 ? 

0.0 

- 0.68 

- 0.3 

- 4.39 

3.58 

1 . 5 

- 0.29 

- 0.2 

5,72 

1.51 

1.2 

- 0.28 

- 0.1 

7.25 

1 .64 

0.4 

0.26 

-0 .5 

5.70 

- 1.56 

2 . 8 

- 0.11 

- 0.1 

10 , 12 

0,76 

0.9 

0.49 

- 0.1 

7.91 

- 3.33 

0.3 

1.09 

- 0,4 

5.52 

- 7.95 

3.2 

0.24 

- 0.3 

- 4.45 

- 0.77 

C . 8 

- 0.23 

- 0.7 

- 4.85 

0.49 

1 , 6 

- 1 . 5C 

0.5 

- 0.68 

2.61 

- 0.9 

0.16 

- 0.6 

- 3. AO 

- 0.33 

1.3 

- 0.76 

1.2 

— 3 .88 

1 .07 

- 1.6 

- 0.04 

-0 .2 

- 0.98 

0 . 11 

0.6 

- C.81 

0.3 

1 . C6 

1.62 

- 0.7 

0.13 

- 0.1 

5.30 

- 0.42 

0.2 

0.58 

0.1 

5.93 

- 2.23 

- 0.5 

1.25 

0.4 

6.55 

- 5.94 

- 2 . 1 

0.14 

- 0.5 

8.38 

— 0 .90 

3.4 


UNIT OF RESIDUALS (METERS) 
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Table 5-4 


Transformation 

NAD 27 -TO- NWL-QD (4 PARAMETER ) 


SOLUTION FOR 3 TRANSLATION AND 1 SCALE 


(UNITS - METERS) 


(USING VARIANCES ONLY) 


DX 

METERS 

0.2691 APP4D+02 
±0.38 


DY 

MFTERS 


0. 16328066D+C3 

± 1 


DZ . 

METERS 

0. 1704?654n^0? 
± 1.13 


VARIANCE - COVARIANCE MATRIX 


M02= 1.25 

0. 14533 1 590+00 
0 . 221286220+00 
-0. 169833570+00 
0. 448010100-07 


0.221286220+ 00 
0.206553490+01 
-0. 149304350+01 
0.393855340-06 


-0. 169833570+00 
-0.149304350+01 
0.126604670+01 
-0. 302277560-06 


COEFFICIENTS OF CORRELATION 


0. lOOOOOOOD+01 
0. 403885610+00 
-0.39593051D+O0 
0.416172140+00 


0.403885610+00 
C.lOOOOOOCO+Cl 
-O. 923275550+00 
C.O7047728D+ CO 


-0.3«>593051D+00 
-0.92327555D+00 
0. lOOOOOOOD+01 
-0.951362350+00 


PARAMETERS 


DL 

(Xl.D+6 ) 
+ 0.28 


0,448010100-07 

0.39385534D-06 

-0.302277560-06 

0.79738883D-13 


0.41617214D+CO 
0. 970477280+00 
-0.Q5136235D+O0 
0 . 100000000+01 
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Table 5-4 (cont'd) 


10000 
100 C 3 
10006 
10018 
100 10 
10020 
10021 
10022 
1 C 0 23 
100 31 
10055 
20003 
20016 
30025 
300 28 
30029 
300<=8 
30099 
510 C 8 

51014 

51015 
51025 
51030 
51033 
51039 
51041 

51043 

51044 
51048 
51052 
51066 
510 67 
51068 
51069 
51074 
510 P « 
51103 
51121 

51123 

51124 

51125 

51126 
52 C 01 
52063 
10008 


RESIDUALS V 
SPHERICAL 


VI { NAD 27 ) 



V 2 ( f^lWL 

- 9 D ) 


VI 

- V 2 

1 .76 

2.09 

0.4 

10000 

- 2.05 

- 2.44 

- 0.5 

3.80 

4.53 

- 2.41 

- 0.30 

i.l 

10 C 03 

1.50 

0.19 

- 0.7 

- 3.90 

— 0,49 

- 0.33 

1 . 5 Q 

0.8 

10 C 06 

0.19 

- 0.89 

- 0.4 

- 0.52 

2.48 

- 0.60 

- 0.33 

1.3 

10018 

0.35 

0.19 

- 0.7 

- 0.®5 

- 0,52 

- 0,31 

- 0.70 

1.9 

10019 

0.15 

0.35 

- 0.9 

- 0 . 46 

- 1 .05 

- 0.23 

- 0.51 

1.8 

10020 

0.11 

0.25 

- 0,9 

-0 . 34 

- 9,7 5 

- 1.22 

- 0.05 

2.4 

10021 

0.6 0 

0.02 

-1 .2 

- 1.02 

— 0 .07 

- 2 . 3 ° 

- 0,91 

0.6 

ICO 2 2 

1 .27 

C .40 

- 0.3 

-? , 66 

-1 . 4 C 

— 2 , "a Q 

- 1.23 

1.2 

1 O 023 

1.26 

0.65 

- 0.6 

. 65 

-1 ,88 

0,52 

- 2 . 9 ? 

1.5 

10031 

- 0.15 

0.83 

- 0.4 

0.67 

. 7 5 

7.49 

- 5.45 

- n .5 

1 005 5 

- 1.58 

1.15 

0.1 

0.07 

— 6 .69 

1.62 

- 3.66 

- 0.6 

2 0003 

- 0.42 

0.9 5 

0.2 

2 .04 

— 4 .61 

- 2.80 

- 1.54 

2.3 

20016 

1 .24 

0.6 8 

- 1.0 

— ^.,04 

-2 .22 

1 .68 

- 2.11 

1.1 

30 C 25 

- 0.58 

0.73 

- 0.4 

2.25 

- 2.84 

C .21 

0.23 

0.3 

3 002 8 

— 0 .16 

- 0 . 17 

—0 .2 

0 . 37 

0 • 40 

6.94 

- 0.70 

- 0.9 

30029 

-1 .67 

0.17 

0.2 

8.61 

— 0 .87 

5 .S 1 

- 3.69 

- 1.6 

30008 

- 1 .2 8 

0.8 1 

0.3 

7.10 

- 4 ,51 

7.82 

4.86 

- 0.5 

30099 

-3 .27 

- 2.03 

0.2 

11.09 

6.89 

1.73 

- 1.94 

- 0.2 

5 1008 

-0 .4 1 

0.46 

0. 1 

2.15 

- 2 .40 

- 2.12 

- C . 10 

- C.l 

5 1014 

0.45 

0.02 

0.0 

- 2.57 

- 0.13 

1 .19 

0. 13 

0.2 

51915 

-0 .23 

- 0.02 

- 0.0 

1.42 

0.15 

- 1.12 

- 0.61 

0.3 

51025 

0 .61 

0 . 3 ? 

- 0.2 

-1 .73 

- 0.94 

- 1.00 

- 0 . 10 

- 0.4 

519 30 

2.01 

9.20 

0.8 

- 3 .01 

- 0 . 31 

- 0.37 

0.51 

- 0.1 

51033 

0.79 

- 1.08 

0.2 

- 1.17 

1.59 

- 1.90 

0.03 

- C .2 

51039 

1 .10 

- 0.02 

0.1 

- 3.00 

0 .05 

C .3 i 

0.88 

- 0.0 

5 1041 

-0 .64 

- 1.04 

0.1 

0.95 

2.71 

3.60 

4 .66 

- 0.3 

5 1043 

-1 .97 

- 2.55 

0.2 

5.57 

7,21 

2.01 

2.75 

- 0.8 

51044 

-1 .46 

- 1.99 

0.6 

3.47 

4.75 

- 0.24 

0.13 

— O • 5 

51048 

0.17 

- 0.09 

0.4 

- 0.41 

0.22 

- 0.85 

1.12 

- 2.9 

51052 

0.31 

- 0.41 

1.1 

- 1.17 

1*53 

5.83 

- 2.36 

- 1.7 

51066 

- 1.34 

0.54 

0.4 

7.17 

-2 .91 

— 1 .46 

- 0.91 

C .6 

5 1067 

1 . 3 ? 

0.83 

- 0.5 

- 2.79 

-1 .75 

- 0.41 

- 0.58 

0.9 

5 1068 

0.10 

0.15 

- 0.2 

- 0.51 

- 0.73 

- 0.57 

- 3.34 

0.6 

51069 

0.15 

0.88 

- 0.2 

- 0.72 

— 4.23 

7.34 

- 0.07 

- 1.7 

51074 

- 1.66 

0.02 

0.4 

9.00 

- 0.09 

5.54 

- 3.67 

- 2.2 

51089 

- 1.2 3 

0.81 

0.5 

6.77 

—4 .48 

- 2.2 2 

0.17 

-c.e 

51103 

1.14 

- 0.09 

0.4 

- 3.37 

0*26 

- 2.77 

0.07 

C .4 

511 21 

1.35 

- 0.03 

— 0 . 2 

—4 * 1 3 

0.10 

- 2.20 

0.89 

0.8 

51123 

1.13 

- 0.46 

- 0.4 

- 3.33 

1 . ?4 

-1 .76 

0,55 

0.3 

51124 

1 .1 1 

- 0.35 

- 0.2 

- 2.86 

0.89 

- 4.32 

1.19 

1.2 

51125 

1.52 

- 0.42 

- 0.4 

- 5. 84 

1.61 

- 3.84 

- 0.20 

0.7 

51126 

1.11 

0.06 

- 0.2 

- 4.94 

— 0 .26 

3 . 5 ® 

- 3.08 

- 0.5 

52 CC 1 

-C .88 

0.75 

0.1 

4,47 

-3 • 83 

5.78 

- 2.72 

-i.l 

52063 

- 1.35 

0.63 

0.3 

7.13 

- 3.35 

1.01 

. 3.29 

- 0.8 

10008 

- 0.5 9 

- 1.92 

0.5 

1 .60 

5.21 


0 . 9 
1.8 

1.2 
2.0 
2.7 
2.7 
3.P 
0,0 
1 ,e 

1 . Q 

- 0.6 
- 0.8 
3 . 4 

1.5 
0.5 

- 1.2 

- 1.0 

-O. 

- 0 . 

- 0 . 

0 . 

0 . 

- 1 . 

- 0 . 

- 0 . 

— 0 . 
- 0 . 
- 1 . 
- 0 , 
- 4 . 
- 2.1 
1.1 
1.2 
0.7 
- 2.0 
— 2.6 
- 1 . 2 
0.6 
1.2 
0.5 

1.6 
0.9 

- 0.7 

- 1.4 

- 1.3 
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Table 5-4 (cont’d) 


RESIDUALS V 
SPHERICAL 


VI ( NAD 21 ) 


V2 ( NWL-9D 1 


VI 


- V2 


10056 

2.11 

-4,26 

-2.6 

10056 

-0,48 

10071 

0.23 

-0.04 

0.5 

1O071 

-0,13 

20176 

-0.27 

0.47 

-2.4 

20176 

0.09 

20177 

-1.T3 

-0.84 

-2.^ 

2 0177 

0.67 

202 08 

0.9 8 

-1.93 

C.l 

2C208 

-0.34 

30030 

2.80 

1.40 

0.5 

30030 

-1 .57 

51004 

l.<51 

-2.70 

-o.e 

5 1004 

~0 .64 

51005 

-0.8 5 

-2.13 

0.5 

5 1005 

0.34 

51006 

-4.25 

-2.57 

- 1.1 

51006 

1.70 

510 07 

-1.18 

-C.88 

-C.6 

5 100 7 

0.37 

51009 

-3.90 

-0.06 

-C.3 

5 lOOo 

1 .63 

51010 

-2.67 

- 1.49 

0.0 

5 1010 

0.83 

51011 

5.32 

-7.75 

0. 2 

51011 

-1 .40 

51013 

-1.64 

0.66 

0.6 

51013 

0.39 

51017 

4.30 

-1.72 

0.3 

51017 

-1.03 

5101R 

5.55 

-2.02 

—0.4 

5 1019 

-1.16 

51020 

3.63 

-4,76 

1.5 

5 1020 

-0 .77 

51021 

8 .40 

-3.37 

-0.2 

51021 

-1 .46 

51022 

6.04 

-6.97 

-0.3 

5 1022 

-1 .03 

51023 

3.61 

-1 1.03 

1.7 

5 1023 

-0.5 8 

51024 

-1.71 

-0.67 

0.3 

51024 

0.78 

51026 

-2.06 

0.11 

0.7 

5 1026 

1 .89 

51027 

-0.16 

0.92 

-0.5 

51027 

0.21 

51028 

-1.62 

-0.63 

0.5 

51028 

1.54 

51029 

-1.22 

0.22 

-0.5 

51029 

3 .06 

51031 

-0.71 

-0.84 

0.1 

51031 

0.47 

51032 

0.30 

C.31 

-0.5 

51C32 

-0.30 

51056 

3.3C 

1.64 

-0.3 

5 1056 

-1 .53 

51057 

4.17 

0.86 

-0,9 

51057 

-1.46 

51058 

5.16 

-1.50 

-2.4 

5 1058 

-1,38 

51095 

6.60 

— 4,66 

2.0 

5 1095 

1 

• 

*-• 

0 


0.96 

0.6 

2.50 

- 5.22 

-3.2 

0.02 

-0.3 

0.36 

- 0.06 

0.7 

-0.16 

0.8 

-0.36 

0.65 

-3.2 

0,3? 

0.9 

-2 .^0 

-1.16 

- 3.9 

0.67 

-0,0 

1.31 

- 2.50 

0.1 

-0.79 

-0.3 

4.37 

2.1<^ 

0.7 

0.9 1 

0.3 

2.56 

-3.61 

- 1.1 

0.86 

-0.2 

-1 .1^ 

- 2.05 

0.7 

1.03 

0.4 

-5.95 

-3.60 

-t . 5 

0,21 

0.2 

-1.55 

-1.15 

- 9,0 

G.3 9 

0.1 

-5.62 

-1.3« 

- 0.5 

0.47 

-0.0 

-3.‘=0 

-1 .96 

0, 0 

2.05 

—0 . 0 

6.72 

- 9.7 c 

0 , 2 

-0.20 

-0.2 

-2.03 

1.06 

0,8 

0.41 

-0.1 

5.34 

-2.13 

0. 4 

0.42 

0.1 

6.71 

-2.44 

-C. 5 

0.9 6 

-C.3 

4.60 

-5.72 

1.8 

0.50 

0.0 

0.86 

-3. <56 

- 0 . 3 

1.19 

0.1 

7.07 

-8.16 

-0.4 

1.77 

—0 . 3 

4. 1<5 

-12.8^ 

1 . 

0.31 

-0.1 

-2.49 

-0.98 

0.5 

-0.10 

-0.6 

-3.Q5 

0.22 

1.3 

-1.25 

C.l 

- 0,37 

2.17 

-1.2 

0.60 

-0.5 

-3.16 

-1.23 

1.0 

-0.54 

1 .3 

-4.2«^ 

0 , 1 ^ 

-1 .9 

0.55 

-0.1 

-1.18 

-1 .3^ 

0.2 

-0.31 

0.5 

0,60 

0.61 

“ 1.0 

-0.76 

0.1 

4.83 

2.41 

- 0.4 

-0.3C 

0.3 

5.62 

1.16 

-1.2 

0.40 

0.6 

6.53 

-1 .89 

-3. 0 

0.84 

-0.4 

7.78 

-5 . 50 

2.3 


UNIT OF RESIDUALS ( METERS J 
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Table 5-5 


Transformation 

NAD-27 -TO- NWL-9D C BURSA } 

^■^t******nf******t**********mti***y¥*m*** 

SOLUTION FOR 3 TRANSLATION, 1 SCALE AND 3 ROTATION PARAMETERS 

(USING VARIANCES ONLY) 


DX DY DZ DELTA OMEGA PSI EPSILON 

METERS METERS METERS (X1,D*6) SECONDS SECONDS SECONDS 

-21.06 166.19 175.10 2.13 0.29 -0.07 -0.20 

♦ 1.94 ± 2.56 ♦ 3.08 ♦ 0.27 1 0.06 ± 0.06 * 0.12 




VARIANCE - COVARIANCE MATRIX 



S02 

fl 

• 






0.378D+01 

0.819D^00 

0.1200+01 

0.398D-O7 

0.4450-06 

0.3830-06 

-0.2300-06 

0.819D+00 

0.6550+01 

0.4920+01 

0.3500-06 

0.1870-08 

0.1620-06 

-0.1250-05 

0.120D401 

0 .4920+01 

0.946D+01 

-0.2680-06 

0.6840-07 

0.2680-06 

-O ,166 0-05 

0.398D-07 

0.3500-06 

-0.2680-06 

0.7080-13 

0.625D-29 

0.5260-29 

-0.5350-28 

0.445D-06 

0.187D-08 

0.684D-07 

0.136D-28 

0.8170-13 

0.1090-13 

-0.1260-13 

0.383D-06 

0.162D-06 

0.268D-06 

0.3420-28 

0.1090-13 

0.8680-13 

-0.4430-13 

-0.230D-06 

-0. 1250-05 

-0.1 660-05 

-0.693D-28 

-0.126D-13 

-0.4430-13 

0.330D-12 



COEFFICIENTS OF CORRELATION 



O.IOOD401 

0.1650+00 

0.201D+00 

0.7690-01 

0.8010+00 

0.669D+00 

— 0 .2060+00 

0.l65D-»-00 

0. 1000+01 

0.6250+00 

0.5130+00 

0. 2560-02 

0.2150+00 

-0.8460+00 

0.201D«»-00 

0.6250+00 

O.lOOD+01 

-0.3280+00 

0.7780-01 

0.2960+00 

-0.9370+00 

0.7690-01 

0.5130+00 

-0.328D+C0 

O.lOOD+01 

0.8220-16 

0.6720-16 

-0.3500-15 

0.801D400 

0 .2560-02 

0.778D-01 

0.8220-16 

0.1000+01 

0.1300+00 

-0.7670-01 

0.669D+00 

0.2150+00 

0.296D+00 

0.6720-16 

0.1300+00 

0.1000+01 

-0 .262 0+00 

0.206D4-00 

-0.8460+00 

-0.937D+00 

-0.3500-15 

-0.7670-01 

-0. 2620+00 

0. 1000+01 


NOTE ! THE POSITIVE AXES ARE TOWARDS MEAN 


GREENWICH, EAST, AND CIO. THE ROTATIONS 

PRINTED ARE ABOUT 3RD, 2ND, AND 1ST AXES RESPECTIVELY. 
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Table 5-5 (cont'd) 


lOOOO 

10003 

10006 

10018 

10019 

10020 
10021 
10022 
10023 
10031 
10055 
20003 
20016 
300 25 
300 28 
30029 

30098 

30099 
51008 

51014 

51015 
51025 
51030 
51033 
51039 
51041 

51043 

51044 
51048 
51052 

51066 

51067 

51068 
51069 
51074 
51089 
51103 
51121 

51123 

51124 

51125 

51126 
52001 
52063 
10008 


RESIDUALS V 
SPHERICAL 


VI ( NAO-27 ) 



V2 ( NWL 

-90 ) 

VI 

- V2 


1.37 

1.92 

0.5 

10000 

-1 .60 

- 2.24 - 0.6 

2.97 

4.17 

l.l 

- 2.00 

0.09 

1.1 

10003 

1 .24 

— 0.06 — 0.7 

— 3 . 24 

0.15 

1.7 

- 0.40 

1.51 

0.7 

10006 

0.23 

- 0.85 - 0.4 

— 0 . 63 

2.35 

1.2 

- 0.59 

0.32 

1.8 

10018 

0.34 

- 0.18 - 1.1 

- 0.94 

0.50 

2 . 9 

0.50 

- 0.76 

1.1 

10019 

- 0.25 

0.38 - 0.5 

0.75 

- 1.13 

1.6 

0.58 

- 0.43 

1.1 

10020 

- 0.28 

0.21 - 0.6 

0.86 

-0 .64 

1.7 

- 0.45 

0.11 

1.8 

10021 

0.22 

- 0.05 - 0.9 

- 0.68 

0 • 1 fe 

2.7 

-1 .79 

- 0.58 

0.3 

10022 

0.96 

0.31 - 0.2 

- 2.74 

- 0.88 

0 . 5 

- 1.85 

- 0.81 

1.1 

10023 

0.98 

0,43 - 0.6 

- 2.83 

— 1.23 

1.7 

- 1 . 1 ® 

- 2.25 

2.7 

10031 

0.34 

0.64 - 0.8 

— 1 . 52 

— 2 .88 

3.5 

5.07 

- 4.79 

0.8 

10055 

- 1.07 

1.01 - 0.2 

6.14 

- 5.79 

1.0 

- 0,17 

- 2.81 

0.8 

20003 

0 .04 

0.73 - 0.2 

- - 0.21 

— 3 .55 

1 . 0 

- 2.26 

- 0.91 

2.4 

20016 

1.00 

0.40 - 1.1 

- 3.26 

— 1 .31 

3 . 4 

2.86 

- 2.07 

0.0 

30025 

- 0.99 

0.71 - 0.0 

3.84 

- 2.78 

0.0 

0.71 

0.08 

- 0.2 

30028 

- 0.53 

- 0.06 0.2 

1.25 

0.15 

- 0.4 

4.77 

- 1.50 

- 0.7 

30029 

- 1.15 

0.36 0.2 

5.92 

- 1.86 

- 0.9 

3.40 

- 3.36 

- 0.5 

30098 

- 0.75 

0.74 0.1 

4.15 

— 4. 10 

— 0 . 6 

6.91 

3.89 

—0 * 7 

30099 

- 2.8 9 

- 1.63 0.3 

9,80 

5.52 

— 1.0 

3.14 

- 1.26 

- 1.2 

51008 

- 0.75 

0.30 0.3 

3.89 

— 1 .56 

•*1 m 5 

- 0.90 

1.01 

- 0.5 

51014 

0.19 

- 0.22 0.1 

- 1.09 

1 .23 

- 0.7 

2.43 

1.42 

- 0.1 

51015 

-0 . 47 *. 

- 0.27 0.0 

2.90 

1.69 

— 0 . 1 

- 0.84 

- 0.00 

0.6 

51025 

0.46 

0.00 - 0.3 

-1 .30 

—0 • 00 

0 . 9 

-1 .02 

0.01 

- 0.3 

51030 

2 .04 

- 0.02 0.6 

- 3.06 

0.03 

— 0.9 

- 0.30 

0.36 

- 0.3 

51033 

0.64 

- 0.77 0.5 

- 0.04 

1.13 

— 0 . 6 

- 2.15 

0.69 

0.5 

51039 

1 .25 

- 0.40 - 0.3 

-3 .40 

1 .09 

0.8 

0.16 

0.72 

- O.l 

51041 

- 0.33 

- 1.52 0.1 

0.49 

2.25 

- 0.2 

2.78 

4.08 

- 0.3 

51043 

- 1.53 

- 2.24 0.2 

4.30 

6.32 

— 0.4 

1.32 

2.52 

- 0.6 

51044 

- 0.96 

- 1.83 0.4 

2 .28 

4.35 

— 1.0 

- 0.80 

0.47 

0.0 

51048 

0.56 

- 0.33 - 0.0 

— 1 .36 

0.80 

0.1 

- 1.93 

1.89 

- 1.8 

51052 

0.71 

- 0.70 0.7 

- 2.65 

2 .59 

— 2.4 

3.46 

- 2.72 

- 1.2 

51066 

- 0.79 

0.62 0.3 

4.25 

- 3.34 

— 1.4 

-1 .48 

- 0.54 

0.9 

51067 

1 .34 

0.49 - 0.8 

- 2.82 

— 1 . 04 

1 # 7 

0.72 

0.27 

0.5 

51068 

- 0.19 

- 0.07 - 0.1 

0.91 

0.35 

0.6 

0.65 

- 2.63 

- O.l 

51069 

- 0.17 

0.70 0.0 

0.82 

- 3.33 

— 0 . 2 

4.93 

- 0.08 

- 0.8 

51074 

-1 .12 

0.02 0.2 

6.05 

— 0 . 10 

— 1.0 

3.20 

- 3.13 

- 0.9 

51089 

- 0.71 

0.70 0.2 

3.91 

- 3.83 

••1 • 1 

- 2.82 

0.82 

0.0 

51103 

1 .45 

- 0.42 - 0.0 

- 4.27 

1.24 

0.1 

- 2.40 

0.71 

0.6 

51121 

1.17 

- 0.35 - 0.3 

- 3.57 

1 . 06 

0.9 

- 2.60 

1.62 

1.7 

51123 

1 .34 

- 0.83 - 0.9 

- 3.93 

2.45 

2 . 5 

- 1.88 

1.15 

0.9 

51124 

1.19 

- 0.73 - 0.6 

- 3.07 

1.88 

1.5 

- 3.57 

1.93 

1.1 

51125 

1.26 

— 0.68 — 0.4 

—4 • 83 

2 *6 1 

1.4 

- 2.85 

0.61 

0.4 

51126 

0 .82 

- 0.18 - 0.1 

— 3 . 68 

0 . 7 ® 

0.5 

5.18 

- 2.77 

- 1.9 

52001 

-1 .27 

0.68 0.5 

6 #45 

— 3.45 

— 2.4 

3.61 

- 2.07 

0.2 

5206 3 

- 0.84 

0,48 - 0.0 

4 .46 

- 2.56 

0.2 

1.08 

2.41 

- 1.4 

10008 

— 0 .63 

- 1.41 0.8 

1.70 

3.81 

- 2 . 3 
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Table 5-5 (cont'd) 


RESIDUALS V 
SPHERICAL 


VI t NAD -27 ) 


V2 ( NWL-9D ) 


VI 


V2 


10056 

10071 

20176 

20177 
20208 
30030 

51004 

51005 

51006 

51007 

51009 

51010 

51011 
51013 
51017 
51010 

51020 

51021 

51022 

51023 

51024 

51026 

51027 

51028 

51029 

51031 

51032 
510 56 

51057 

51058 
51095 


0.13 

-0.54 

-1.49 

-2.61 

-0.39 

1.87 

3.08 

0.09 

-3.38 

-0.08 

-3.24 

-1.63 

6.74 

-0.57 

5.98 

7.48 

5.89 

10.61 

8.39 

6.16 

-1.51 

-1.92 

- 0.00 

-1.31 

-1.14 

-0.14 

0.65 

2.14 
2.62 

3.14 
8.81 


-3.17 
0.31 
1.33 
0.01 
-1.35 
1.44 
-2.51 
- 1.88 
-2.19 
-0.37 
-0.44 
- 0.88 
-7.3 5 
1.93 
-1.56 
- 1.86 
-4.83 
-2.98 
-6.81 
-11.04 
0.13 
0.43 
1.04 
-0.50 
0.18 
-0.81 
0.24 
1 .54 
0.86 
-1.30 
-4.43 


- 1.0 

1.1 

- 1.1 

-1.3 

1.2 

1.0 

-l.S 

- 0.2 

- 1.6 

-1.3 

- 0.6 

-0.5 

- 1.0 

0.4 

- 1.2 

-2.2 

— 0.6 

-2.4 

-2.7 

-0.9 

0.8 

0.8 

-0.5 

0.4 

— 0.6 

-0.3 

- 0.8 

0.2 

- 0.2 

-1.4 

- 0.2 


10056 
10071 
2 0176 
20177 
20208 
30030 

51004 

51005 

51006 

51007 

51009 

51010 

51011 
51013 
51017 

51019 

51020 

51021 

51022 

51023 
510 24 
51026 
5 1027 

51028 

51029 

51031 

51032 

51056 

51057 

51058 
51095 


-0.03 

0.31 

0.49 
1 .01 
0.14 
-1 .05 
-1.04 
-O .04 
1.35 
0.02 
1 .32 
0.51 
-1 .78 
0.13 
-1 .44 
-1 .56 
-1.18 
-1 .84 
-1 .4 3 
-0.99 

0 .69 

1 .76 

0.01 

1 .24 

2 .8 5 
0.09 

— 0 .65 
-0.99 
-0.92 
-0.84 
-1 .58 


0.72 

-0.18 

-0.44 

- 0.00 

0.47 

-0.81 

0.84 

0.76 

0.88 

0.12 

0.18 

0.27 

1.94 

-C.45 

0.38 

0.39 

0.97 

0.52 

1.16 

1.78 

-0.06 

-0.39 

-1.41 

0.48 

-0.45 

0.54 

-0.24 

-0.72 

-0.30 

0.35 

0.80 


0.2 

-0.7 

0.4 

0.5 

-0.4 

-0.5 

0.6 

0.1 

0.6 

0.4 

0.2 

0.2 

0.3 

- 0.1 

0.3 

0.5 

0.1 

0.4 

0.5 

0.2 

-0.4 

-0.7 

0.7 

-0.4 

1.6 

0.2 

0.8 

- 0.1 

0.1 

0.4 

0.0 


0.15 
-0.85 
-1.98 
-3.62 
— O .53 
2.93 
4.12 
0.13 
-4.73 
-O . 10 
—4 . 56 
-2.14 

8.52 
-0.70 

7.41 
9.04 
7.08 
12.46 
9.83 
7.16 
- 2.21 
-3.68 
— 0 .01 
-2.55 
-3.99 
-0.23 
1.30 

3.14 

3.53 
3.98 

10.39 


-3.89 
0.49 
1.77 
0.02 
-1.82 
2.25 
-3.35 
-2.64 
-3.06 
-0.48 
-0.62 
-1.15 
-9.30 
2.38 
-1.94 
-2.25 
-5.80 
-3.50 
-7.97 
-12.82 
0.18 
0.83 
2.46 
-0.98 
0.63 
-1.34 
0.48 
2 .26 
1.16 
-1.65 
-5.23 


-1.3 

1.8 

-1.5 

- 1.8 

1.6 

1.5 
-2.4 
-0.3 
- 2.2 
- 1.8 
- 0,8 
-0.7 
- 1.2 

0.5 
-1.5 
-2.7 
-0,7 
- 2.8 
-3. 1 
- 1.1 
1.2 

1.6 
- 1.2 

0.7 

- 2.2 

-0.5 

- 1.6 

0.3 

-0.3 

-l.S 

-0.3 


UNIT OF RESIDUALS (METERS) 
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Table 5-6 


Transformation 

NAD -27 -TO- NWL-QD (MOL-MOOEL ) 

SOLUTION FOR 3 TRANSLATION, 1 SCALE AND 3 ROTATION PARAMFTFRS 




(USING 

VARIANCES 

ONLY) 


DX 

METERS 

DY 

METERS 

DZ 

METERS 

DELTA 

(Xl.D+6) 

OMEGA PSI 

SECONDS SECONDS 

EPSILON 

SECONDS 

-28 ,34 

152.ro 

179.07 

2,13 

0,29 -0.07 

-0.20 

± 0,34 

± 0,35 

±0.34 

± 0,27 ± 

0.06 ±0.06 

± 0.1? 





VARIANCE 

- COVARIANCE matrix 


S02= 


1.11 





0.113D+00 

0 

.1700-02 

0.956D-':'4 

-0. 1220-07 

0.1380-08 -0. 1660-07 

0 ,o IQ 0-0 8 

0.170D-02 

0 

.124D+O0 

-0.119D-^-^2 

0.3290-08 

0.1140-07 -0.78BD-0P 

0 , 707 D-^ 7 

0.956D-04 

-0 

.ll°D-02 

0.1130+00 

0.1560-07 

-0. 1310-08 -0. 1300-07 

-0 , 767D-0P 

-0,1220-07 

0 

.3290-06 

0.1560-07 

0.7080-13 

-0.4390-30 -0.2260-30 

0.493 P-3C 

0.138D-06 

0 

.1140-07 

-0.1310-08 

-0.2190-30 

0,8170-13 0.1090-13 

-0 .1260-1 3 

-0.186D-07 

-0 

.78PD-08 

-0.1300-07 

-0.6510-31 

0.109D-13 0. 8680-13 

-0.443D-13 

0. 9190-08 

0 

.7070-07 

-0.7670-08 

C. 1750-29 

-0.1260-13 -0.4430-13 

0. 3300-12 


COEFFICIENTS OF CORRELATION 


O.lOOD+01 

0 .1430-01 

0.8480-03 

-0. 1370+00 

0.1440-01 -0.1880+00 

0. 4760-01 

0.1 430-01 

0. 1000+01 

-0.1010-01 

0.2500-01 

0.1130+00 -0.7590-01 

0.34OD+00 

0.848 0-03 

-0,1010-01 

0. 1000 +01 

0.1750+00 

-0,1360-01 -0.1310+00 

-0.3970-01 

-0.1370+00 

0. 3500-01 

0.1750+00 

0. 1000+01 

-0. 5770-17 -0.2890-17 

0.3 23 0-17 

0.144D-01 

0. 1130+00 

-0. 1360-01 

-0. 5770-17 

0. 1000+01 0.130D+00 

-0.767D-01 

-0.1880+00 

-0.7590-01 

-0,1310+00 

-0.2890-17 

0.1300+00 O.lOOD+01 

-0.262D+0O 

0.476D-01 

0.34‘>0 + CC 

-0.3O7D-01 

0.323D-17 

-0. 7670-01 -0.262D+00 

O.IOOD+OI 

OTE : THE 

POSITIVE AXES ARE TOWARDS MEAN 




GREENWICH, FAST, AND CIO. THE ROTATIONS 


PRINTED ARE ABOUT 3RD, 2ND, AND 1ST AXES RESPECTIVEL Y. 
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Table. 5-7 


Transformation 

NAD-27 -TO- NWL-OD (VPI5 MPDFL ) 

SOLUTION FOR 3 TRANSLATTONf 1 SCALE AND 3 ROTATION PARAMETERS 


(USING VARIANCES ONLY) 


DX DY DZ DELTA ALPHA KSI ETA 

.METERS METERS METERS (X1.D + 6J SFCOMDS SECONDS SECONDS 



-2P.34 152. 

90 179,07 

2.13 

0.26 -0 

-A, 

17 


+ 0 • 34 +, 0. 

35 + 0,34 

+0.27 ± 

0.06 + C 

.1? ± 0* 

06 



VARIANCE 

- COVARIANCE MATRIX 



S02 

= 1.11 






0.1 13D+00 

0.17CD-C2 

0.956D-04 

-0. 1220-07 

0.1410-07 

0.1190-07 

0,9720-0F 

0.17CD-02 

0 . 124D+00 

-0. 1190-02 

0.3290-08 

0.5090-08 

0.71 lD-07 

-0.1O5D-O7 

0.0560-04 

-C .1100-02 

0.1 120+00 

0.1560-07 

0. 9980 -08 

-0.566D-08 

0.9P4D-0P 

C.122D-07 

0 .3200-08 

0.1560-07 

0.708D-13 

-0.3770-30 

-0.932D-30 

-0.1640-29 

0.1 AlD-07 

0 .5090-08 

0.9980-08 

-0. 5930-30 

0.7140-13 

-O. 3810-14 

0.4990-15 

0.119D-07 

0.711D-07 

-0. 5660-08 

0.5480-31 

-0.3810-14 

0,3380-12 

0.1510-13 

0.072D-C8 

-0.105D-07 

0.98AD-08 

-0.2410-29 

0.4990-15 

0.1510-13 

0. 8950-13 



COEFFICI 

ENTS OF CORRELATION 



O.lOOD+01 

0 .1430-01 

0.8480-03 

-0. 1370+00 

0.1570+00 

0. 6070-01 

0.9670-01 

0.143D-01 

0 .1000+01 

-O.lClP-ni 

0. 3500-01 

0.5400-01 

0.3470 4.00 

-0.9Q7 0-0I 

0.84SD-03 

-O .1010-01 

0.1000+01 

0. 1750+00 

O.lllD+00 

-0. 2900-01 

0 ,9800-0 1 

0*1370-^00 

0. 3500-01 

0.1750+G0 

0.1000+01 

-0. 5300-17 

-0 .6030-17 

-0.207 D-1 6 

0.157D+00 

0. 5400 -01 

0.1110+00 

-0. 5300-17 

0. 1000+01 

-0.2450-01 

0.625 0-02 

0.607D-01 

0 .3470+OA 

-0.2900-01 

-0.6030-17 

-0.245D-01 

0,10004-01 

0.8680-01 

0.0670-01 

-0.997D-01 

0.0800-01 

-C. 2070-16 

0. 6250-02 

0.8680-01 

0. 1000 +01 


102 



Table 5-8 


Transformation 

NAD 27 B -TO- NWL-«0 {3 PARAMETER J 


SOLUTION FOR 3 TRANSLATION PARAMETERS 
(UNITS - METERS) 


(USING VARIANCES ONLY) 


DX 

METERS 


-0.27865631D+02 
± 0.39 


DY 

METERS 


0. 15 115336D+03 
± 0.39 


D2 

METERS 


0.1775336PD+03 
± 0.39 


VARIANCE - COVARIANCE MATRIX 


MO 2= 0.95 

0.1505858RD+0C 

0.0 

0.0 


0.0 

0.150585880+00 

0.0 


0.0 

0.0 

0.15058588D+0D 


COEFFICIENTS OF CORRELATION 


0. 1 COO COOO 0+01 
0.0 
0.0 


0.0 

0. lOOOOOOOD+Ol 

0.0 


0.0 

0.0 

0 . 100000000+01 


■*a^o Pnmar-iv (ram Bucv 
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Table 5-8 (cont'd) 


10 C 03 

10018 

10019 

10020 
10021 
10022 
1 C 023 
20016 
30025 
30028 

51008 
510 14 
51015 

51025 

51030 
51033 

51067 

51068 

51069 

51121 

51125 

51126 
52001 

51004 

51005 

51006 

51007 

51009 

51010 

51011 
51013 
51017 

51019 

51020 

51021 

51022 

51023 

51024 

51026 

51027 

51028 

51029 

51031 

51032 
51095 


RESIDUALS V 
SPHERICAL 


VIC NAD 27 E ) V 2 C NWL-QD ) VI - V 2 


- 1.95 

0.15 

0.8 

10003 

1 .21 

- 0.10 

- 0.5 

- 3.17 

0.25 

1.3 

- 0 . 6 C 

- C .80 

1.0 

icoia 

0.35 

0.47 

- 0.6 

- 0.95 

- 1.27 

1 . 5 

1.23 

0.52 

i .7 

10019 

- 0.61 

- 0.26 

- C .8 

1.85 

0.79 

2.5 

1.05 

0.75 

1.6 

100 20 

- 0.51 

- 0.36 

- 0,8 

1. 56 

1.12 

2.4 

- 0,10 

1.14 

2.2 

1 00 2 1 

0.05 

- 0.57 

- 1.1 

- 0,16 

1.71 

3.2 

- 1.72 

- 0.05 

0.3 

10022 

0.92 

0.03 

- 0,2 

-2 .63 

—A , A7 

0 , 5 

- 1.91 

- 0.49 

0.9 

10023 

1.01 

0.26 

- 0.5 

- 2.91 

- 0.75 

1.4 

- 2.68 

- G .84 

2.0 

20016 

1.19 

0.37 

- 0.9 

- 3.87 

- 1.21 

7 , 9 

3.28 

- 0.12 

1.0 

3 00 25 

- 1.14 

0.04 

- 0.3 

4.42 

— 0 . 16 

1,4 

1 .64 

0.86 

0.1 

30028 

-1 .23 

- 0.64 

- 0.1 

2.87 

1.50 

0.2 

2.22 

0.82 

- 0.3 

5 1008 

- 0.53 

- 0.20 

0.1 

2,76 

1,02 

- 0.4 

- 2.75 

2.31 

- 0.3 

51014 

0.5 9 

- 0.49 

0.1 

- 3.34 

2 . SO 

- 0,4 

C .12 

2.63 

0.0 

51015 

- 0.02 

- 0.50 

- 0.0 

0.14 

3.13 

0.0 

- 1.04 

- C .49 

- 0.1 

51 C 25 

0.5 7 

0.26 

0 .0 

- 1.61 

- 0.7 5 

- C . 1 

- 0.57 

- 0.35 

- 0.5 

51030 

1.15 

0.70 

1,1 

- 1.72 

- 1.05 

- 1.6 

0.51 

0.43 

- 0.2 

51033 

-1 .07 

- 0.92 

0.4 

1,58 

1.35 

- 0.5 

- 1.14 

- 1.31 

0.3 

51067 

1.04 

1.20 

- 0.3 

- 2.18 

- 2,51 

0.6 

- 0.48 

1.56 

0.7 

51068 

0.12 

- 0.40 

- 0.2 

- 0.60 

1.96 

0,9 

- 0.27 

- 1.03 

0.4 

51069 

0.07 

0.27 

- 0.1 

-0 . 34 

- 1.30 

0.5 

- 2.74 

0.40 

0.1 

51121 

1 .34 

- 0.19 

- 0.0 

- 4.08 

0.59 

0 . 1 

- 4.32 

2.37 

0.8 

51125 

1 .52 

- 0.83 

- 0.3 

- 5.8 5 

3.21 

1.1 

- 3.90 

1.55 

0.4 

51126 

1.12 

- 0.45 

- 0.1 

- 5.02 

2.00 

0 . 5 

4.99 

- 0.12 

- 0.5 

52001 

- 1.2 2 

0,03 

0.1 

6.22 

- 0.14 

- 0.6 

3.23 

- 0.67 

- 0.9 

51004 

- 1.08 

0.23 

0.3 

4.31 

- 0.90 

- 1.2 

0.21 

- G .57 

0.3 

51005 

- 0.08 

0.23 

- 0.1 

0.29 

— 0 .90 

0.4 

- 3.49 

- 1.12 

- 1.3 

51006 

1 .40 

0.45 

0.5 

- 4.89 

- 1.57 

- 1.9 

- 0.53 

1.12 

- 0.8 

5 1007 

0.17 

- 0.35 

0.3 

- C .69 

1 .47 

- 1.1 

- 3.57 

0.24 

- 0.6 

5 1009 

1 .45 

- 0,10 

0,3 

- 5.02 

0.34 

- 0.0 

- 2.28 

0.37 

- 0.2 

51010 

0.71 

- 0.11 

0.1 

- 2.09 

0,48 

- 0.3 

6.42 

- 5.00 

0.1 

51011 

-1 .70 

1.34 

- 0,0 

8.12 

- 6.43 

0.2 

- 2.24 

2.87 

0.4 

51013 

0.53 

- 0.68 

- 0.1 

- 2.76 

3.55 

0,5 

6.06 

1.34 

0.5 

5 1017 

-1 .46 

- 0.32 

- 0.1 

7.52 

1 .66 

0 . 6 

7.49 

1.54 

- 0.1 

51019 

- 1.57 

- 0.32 

0.0 

9.06 

1.86 

- 0.1 

6.27 

- 1.10 

1.9 

5 10 20 

-1 .26 

0.22 

- 0.4 

7.53 

- 1.32 

2,3 

10.15 

0.93 

0.3 

51021 

- 1.76 

- 0.16 

— o ,0 

11.91 

1.09 

0.3 

8.30 

- 2.60 

0.3 

51022 

- 1.42 

0,44 

- 0.0 

9.72 

- 3.04 

0.3 

6.33 

— 6.44 

2.4 

51023 

-1 .02 

1.04 

—0 . 4 

7.35 

- 7.48 

2.8 

- 1.04 

- 0.80 

- o.c 

5 1024 

0.89 

0.37 

0,0 

- 2,83 

- 1.16 

- 0 . 1 

- 1.65 

0.06 

0.4 

51026 

1 .51 

- 0.05 

- 0.4 

- 3.16 

0,11 

0,8 

f>.44 

0.95 

- 0.7 

5 1027 

- 0.60 

- 1.29 

0.9 

1 .04 

7,73 

- 1.6 

- 0.05 

- 0.32 

0.3 

51028 

C .81 

0.30 

- 0.3 

- 1.66 

- 0.62 

0.6 

- 0.61 

0.20 

- 0.6 

51029 

1.52 

- 0.49 

1 .6 

- 2.12 

0.69 

- 2.2 

0.47 

- 0.06 

- C.l 

51 C 31 

- 0.31 

0.04 

0.0 

0.79 

- 0.09 

- 0 . 1 

1.42 

0 . 6 ? 

- 0.7 

5 1032 

- 1.42 

- 0.67 

0.7 

2.84 

1.34 

- 1.3 

8 • 64 

- 0.50 

2.4 

51095 

-1 .55 

0.09 

- 0,4 

10.19 

- 0.59 

2.9 


UNIT OF RESIDUALS ( METERS ) 

-2 
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Table 5-9 


Transformation 

NAD 71 E -TO- NWL-<5D (4 PARAMETER J 

If. -if.if.it -^ififififififif^-ifififififififififif if if If if if if if 


SOLUTION FOR 3 TRANSLATION AND 1 SCALP 
(UNITS - METERS) 


(USING VARIANCES ONLY) 


DY 

METERS 


DZ 

METERS 


C, 160535360 + 03 
± 2.35 


0. 170710 26 0+0 3 
+ 1.73 


variance - COVARIANCE MATRIX 


DX 

METERS 

c.?Pi4B9ian+c2 

+ 0.37 


M02= 0,85 

0.139826130+C0 
-0, 16271 1980 +00 
0. 11P33867D+00 
-0.-318467810-07 


0. 100000000+01 
-O. 18514493D+00 
0, 18316365D+00 
-0.187448260+00 


-0.16271198D+00 
C. 552366130+01 
-0.3919 1787D+01 
0.105471210-05 


-0,185144930+00 
O.IOOOOOOOD+Ol 
-0.965135540+00 
0.98771222D+ CO 


0. 11833867D+0C 
-0.39191787D+01 
0.298520970+01 


0. 183163650+00 
-0.965135540+00 
0. 100000 OOD+01 
-0. 977142450+00 


-C.76708077D-06 


COEFFICIENTS OF CORRELATION 


PARAM«^TERS 


DEfeTA 

(Xl.D+6 ) 

0 . 19362 ^ 040+91 
+ D.4S 


-0.31846781D-C7 
0. 105471210-05 
-O. 767080770-06 
0.2G643339D-1? 


-0.18744826D+00 
0,987712220+00 
-0,977142450+00 
O, 100000000+01 
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Table 5-9 (cont‘d) 


RESIDUAL^ V 
SPHERICAL 


VI (NAO 71 El 


V2C K'WL-CD I 


VI 


- V? 


1^003 

- 1.61 

0 . 43 

0.7 

10003 

1 .00 

- 0.27 

- 0.4 

- 2.61 

0.70 

1.2 

lOOlP 

0.17 

0.20 

0.8 

1 0^18 

- 0.10 

- 0.12 

- 0.5 

0.28 

0.32 

1.2 

1001 ® 

0.69 

0.26 

1.6 

1 0019 

- 0.3 4 

- 0,13 

- 0.8 

1.04 

0.38 

2.4 

100 20 

0.73 

C.46 

1.5 

1GC20 

-0 .35 

- 0 . 2 ? 

- 0.7 

1.09 

0.69 

?. ? 

10021 

- 0.28 

n.QO 

2.1 

10021 

0.14 

- C.45 

- i.o 

- 0.43 

1.35 

3.1 

10022 

- 1.53 

- 0,05 

0.3 

1002 2 

0.82 

0.03 

- 0.1 

- 2.35 

- 0 . 0 ? 

0 . 4 

100 23 

- 1.56 

-«^.40 

0.9 

100 23 

0.8 2 

0.21 

-0 ,4 

- 2.30 

-Hf“V ^ fyC% 

1.9 

2C0 16 

-1 . 9 ? 

- 0.67 

1.9 

20016 

0 .86 

0,30 

- 0,8 

- 2.86 

-0.91 

2.7 

3CC25 

2.73 

- 0.91 

0.9 

3 0025 

- 0.94 

0,32 

- 0,3 

3.67 

- 1.22 

1.2 

3C026 

I . 11 

0.05 

0.1 

3CC28 

- 0,8 3 

- 0,71 

- 0.0 

1.94 

1.67 

0.1 

51008 

2.64 

- 9.51 

- 0,5 

5 looe 

“ 0 .63 

0.12 

0.1 

3,28 

- 0 , 6 ** 

. 

0 

1 

51014 

- 1.35 

1.27 

- 0.5 

51014 

0.29 

- 0.27 

0.1 

- 1 .64 

1.54 

- 0,7 

51015 

1.89 

1.54 

- 0.3 

51015 

— O ,36 

- 0.29 

0.1 

2.25 

1.89 

- 0 , 3 

51025 

- 0.34 

0,08 

-t).2 

5 102 5 

0 . 1 ? 

- 0.04 

0.1 

- 0.52 

0 . 1 ? 

- 0 . 3 

51030 

- 0 . 5 ? 

0,18 

-0.6 

51030 

1 .04 

- 0.36 

1.2 

- 1.55 

0.54 

- 1.8 

51033 

C.17 

0.82 

-0.2 

5 1C33 

- 0.35 

- 1.73 

C.5 

r . 5 ? 

2.55 

- 0 . 8 

510 67 

- 0.76 

- 0 , 4 ? 

0.2 

5 1067 

0.69 

0,43 

- 0.2 

- 1.45 

- 0 . 9i 

0.4 

5106 ? 

0.43 

0.71 

0,6 

51066 

- 0.11 

- 0,18 

- 0.1 

0.54 

0.89 

0.7 

51069 

0.32 

- 2.02 

0.3 

51069 

- 0,08 

0.53 

- 0.1 

0,40 

'- 2.56 

0,3 

51121 

-1.98. 

0,33 

- 0.1 

51121 

0 .96 

- C.40 

0.0 

- 2.95 

1.23 

- 0 . 1 

51125 

- 5.49 

2.21 

C.7 

51125 

1.23 

- 0.78 

- 0.3 

- 4.71 

2.99 

1.0 

51126 

- 3 . 0G 

O.o? 

0.3 

5 1126 

0.87 

- C . 2S 

- 0,1 

- 3.86 

1.76 

0 . 3 

52001 

4.63 

- 1.61 

- 0.7 

5 2001 

- 1.13 

0.3 9 

0.2 

5.76 

- 2.01 

- 0 . ? 

51004 

2.93 

- 1.49 

- 1.0 

5 1004 

-O ,9 p 

0.50 

C.3 

3.91 

- 1.99 

- 1.4 

510 0 5 

0.1 1 

- 1.05 

0,2 

51005 

- 0 ,04 

0.42 

- 0.1 

0.15 

- 1.48 

0. ? 

51006 . 

. — 3 .34 

- 1.52 

-] .4 

51006 

1.34 

0.61 

0.6 

- 4.67 

- 2.12 

-2.0 

510C7 

-C .? 5 

0,34 

- 1.0 

5 iC07 

0.08 

- 0.11 

0.3 

- 0.33 

0.45 

- 1.3 

51009 

- 3,13 

0 . C4 

- C.7 

5 1009 

1.27 

- 0.02 

0.3 

- 4,40 

0.05 

- 1.0 

51010 

- 1.78 

- 0.30 

- 0.3 

51O10 

0.55 

0.09 

0.1 

- 2.33 

- 0.39 

- 0.4 

51011 

6.31 

- 6.36 

- 0.0 

51011 

-1 .67 

1,68 

0.0 

7.98 

- 8.03 

- 0.0 

51013 

- 0.87 

2.13 

0.2 

51013 

0.21 

- 0.50 

- 0,0 

- 1.08 

2.64 

0.2 

51017 

5.39 

- 0.23 

0.2 

51017 

- 1 .30 

0.05 

- 0.1 

' 6.68 

- 0.2 8 

0. 3 

51C19 

6 .6 5 

- C.41 

- 0,4 

5 1019 

- 1.39 

0.08 

0.1 

8.04 

- 0.49 

- 0 . 5 

51020 

5. 00 

- 3.12 

i.5 

5 i020 

-1 .01 

0.63 

- 0.3 

6.00 

- 3.75 

1.9 

51021 

9.45 

- 1.58 

- 0.2 

51021 

-1 .64 

0.28 

0.0 

11.09 

- 1.86 

- 9 . 2 

51022 

7.15 

- 5.17 

- 0.2 

5 1022 

-1 .22 

0.88 

0.0 

8.37 

- 6.05 

- 0.3 

51023 

4.77 

- 9.17 

1.9 

51023 

- 0.7 7 

1.48 

—0 . 3 

5.54 

- 10.65 

2.2 

51024 

- 0.93 

- 0.01 

- 0,2 

51024 

0.42 

0.00 

0.1 

- 1.35 

- 0.01 

-0.3 

51026 

-i .36 

0.63 

C.3 

5 1026 

1.25 

- C.58 

- 0.3 

- 2.61 

1.21 

C , 6 

51027 

0.46 

1.36 

-c.e 

5 1027 

— 0 .62 

— 1.84 

1 .0 

1.08 

3.20 

-l.B 

51028 

-0.89 

-0.04 

0.2 

51028 

0.84 

0.04 

- 0.2 

- 1.73 

- 0.07 

0.5 

51029 

- 0.77 

0,50 

-0.7 

51029 

1.93 

- 1.25 

1 .7 

- 2.71 

1.75 

-2.4 

51031 

O.IB 

- 0.05 

- 0.1 

51031 

- 0.12 

0.03 

0.1 

0.29 

- 0,08 

- O , ? 

5103 ? 

1.08 

C . 9G 

- 0.7 

51032 

- 1.08 

- 0,90 

0.7 

2.15 

1.80 

- 1.4 

51005 

7.69 

- 2.90 

2.0 

5 1095 

-1 .38 

0.52 

—0 .4 

9.07 

- 3.43 

2.4 


UNIT OF RESIDUALS (METERS) 
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Table -5-10 


Transformation 

NAD 27 E -TO- NWL-9D (BURSA ) 

SOLUTION FOR 3 TRANSLATION, 1 SCALE AND 3 ROTATION PARAMETERS 


(USING VARIANCES ONLY) 


DX DY DZ DELTA OMEGA PSI EPSILON 

METERS METERS METERS (Xl.D+6) SECONDS SECONDS SECONDS 

-25.86 161.45 171.88 1.84 -0.24 0.46 -0.06 

♦, 3.39 ♦ 3.28 ± 3.83 ♦ 0.40 ♦. 0.10 ♦ 0.10 ± 0.14 

VARIANCE - COVARIANCE MATRIX 


S02= 0.67 


0.115D+02 

-0.242D*^01 -0.353D^01 

-0.251D-07 

0.142D-05 

O.lllD-05 

0. 6770-06 

-0.242D+01 

0 .107D+0? 

0.579D+01 

0.831D-06 

-0.239D-06 

-0.289D-06 

-0.1730-05 

-0.3530^01 

0.579D+01 

0.147D-»-02 

—0 . 604D— 06 

-0.387D-06 

-0.444D-06 

-0.240D-05 

-0.251D-07 

0.831D-06 -0.6040-06 

0.163D-12 

-0.190D-28 

-0.226D-28 

0.421D-28 

0.142D-05 

-0 .2390-06 -0.387D-06 

0.558D-28 

0.234D-12 

0.6010-13 

0.740D-13 

O.lllD-05 

-0.289D-06 -0.444D-06 

0.4210-28 

0.6010-13 

0.215D-12 

0.804D-13 

0.677D-06 

-0.173D-05 -0.2400-05 

0.674D-28 

0.740D-13 

0.804D-13 

0.468D-12 


COEFFICIENTS OF CORRELATION 


0.1 00D401 

-0.218D400 

-0.272D400 

-0. 1840-01 

0.866D400 

0.7040400 

0.2920400 

0.218D»00 

0.1000401 

0.4610400 

0.6290400 

-0.1510400 

-0.1900400 

-0.7710400 

0.2720400 

0.4610400 

0.100D401 

-0.391D400 

-0 .2090400 

-0.2490400 

-0.9160400 

0.1840-01 

0,6290400 

-0.3910400 

0.1000401 

-0.9720-16 

-0.1210-15 

0. 1530-15 

0.8 660400 

-0.151D400 

-0.2090400 

-0.9720-16 

0.100D401 

0.2680400 

0.2230400 

0.7040400 

-0.1900400 

-0.2490400 

-0.1210-15 

0.2680400 

0.1000401 

0.2530400 

0.2920400 

-0.7710400 

-0.9160400 

0.153D-15 

0.2230400 

0.2530400 

0.1000401 


NOTE ! the POSITIVE AXES ARE TOWARDS KEAN 

GREENWICH, EAST, AND CIO. THE ROTATIONS 

PRINTED ARE ABOUT 3RD, 2ND, AND 1ST AXES RESPECTIVELY • 


Made Primarily troin Rccycicrl FiSres 
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Table 5-10 (cont'd) 


10003 

10018 
10019 
100 20 
10021 
10022 
10023 
20016 
300 25 
30028 

51008 

51014 

51015 

51025 

51030 
51033 

51067 

51068 

51069 
51121 

51125 

51126 
52001 

51004 

51005 

51006 

51007 

51009 

51010 

51011 
51013 
51017 

51019 

51020 
5102.1 

51022 

51023 

51024 

51026 

51027 

51028 

51029 

51031 

51032 
51095 


Mad 9 Pnfnn-i'y 


RFSIDUALS V 
SPHERICAL 


VI (NAD 27 E ) 


V2 ( NWL - 9D ) 


VI - V2 


- 1.22 

- 0.02 

0.8 

10003 

0.76 

0,01 

- 0.5 

-1 .98 

- 0.04 

1.3 

1.56 

- 0.82 

1.1 

10018 

- 0.91 

0.48 

- 0,6 

2.47 

-1 .30 

1.7 

0.34 

1.00 

1.5 

10019 

- 0.17 

- 0,50 

- 0.7 

0.51 

1.50 

2.2 

0.35 

0,91 

1.4 

10020 

- 0.17 

- 0.44 

- 0.7 

0.52 

1.35 

2.1 

- 0.60 

1.16 

2.0 

10021 

0.30 

- 0.57 

- 1.0 

- 0.90 

1.74 

3.0 

- 1.53 

- 0.29 

0.3 

10022 

0 . 8 ? 

0.16 

- 0.1 

- 2.34 

- 0.45 

0.4 

- 1.42 

- 0.86 

0.9 

10023 

0.75 

0.45 

- 0.5 

- 2. 16 

- 1.31 

1.4 

- 1.74 

- 1.61 

2.0 

20016 

0.77 

0.72 

- 0,9 

- 2.51 

- 2.33 

2.9 

1.67 

- 0.13 

0.7 

30025 

- 0.58 

0.05 

—0 .2 

2.25 

- 0,18 

0.9 

1.25 

1.68 

o.n 

30028 

- 0.93 

- 1.26 

- 0.0 

2.18 

2.94 

0.0 

0.82 

- 1.05 

- 0.7 

51008 

- 0.20 

0.25 

0.2 

1 . 0 ? 

- 1.30 

- 0.9 

- 2.78 

- 0.64 

- 0.6 

51014 

0.59 

0.14 

0.1 

- 3.37 

- 0 . 7S 

- 0.7 

0.39 

- 0.90 

- 0.3 

51015 

- 0.07 

0.17 

0.1 

0.46 

-1 .07 

- 0.4 

0.45 

- 0.86 

0,0 

51025 

- 0,25 

0.47 

- 0,0 

0.70 

- 1.33 

0.0 

0.20 

0.12 

- 0.5 

51030 

- 0.40 

- 0.24 

1 .0 

0.60 

0.35 

- 1.5 

0.69 

1.28 

- 0.2 

51033 

-1 .46 

- 2.72 

0.5 

2.15 

4.00 

- 0.7 

0.39 

- 0.97 

0.4 

5 1067 

— 0.36 

0.88 

-0 .4 

0.74 

- 1.8 5 

0.8 

- 0.73 

- 0.52 

0.5 

51068 

0.19 

0.13 

- 0,1 

- 0 . 9 ? 

— 0 .66 

0.6 

- 1.04 

- 2.80 

O.l 

51069 

0.28 

0.74 

- 0.0 

-1 .32 

- 3.54 

0.1 

- 1.38 

- 0,20 

0.1 

51121 

0.67 

0.10 

- 0.1 

- 2.05 

- 0.30 

0.2 

- 3.69 

1.08 

0.0 

51125 

1 .30 

- 0.38 

- 0.3 

- 4.99 

1.46 

l.l 

- 3.77 

- 0.24 

0.2 

51126 

1 .09 

0.07 

- 0.1 

- 4.86 

- 0.31 

0.3 

2.60 

- 1.07 

- I.O 

5 2001 

“0 .64 

0.26 

0.3 

3.24 

- 1.33 

- 1.3 

1.83 

- 1.06 

- 1.2 

5 1004 

-0 .61 

0.36 

0.4 

2.44 

- 1.42 

—" 1 . 6 

- 0.54 

- 0 .< J0 

0.1 

51005 

0.22 

0.36 

- 0.0 

- 0.76 

- 1.26 

0.1 

- 3.87 

- 1.72 

- 1.5 

51006 

1.55 

0.69 

0.6 

- 5.42 

- 2.40 

- 2.1 

- 1.31 

- 0.01 

- 1.1 

51007 

0.41 

0.00 

0.3 

- 1.72 

- 0.01 

— 1.4 

- 3.4 0 

- 0.56 

- 0.7 

51009 

1 .38 

0.23 

0.3 

- 4.78 

- 0.78 

- 1.0 

- 2.69 

- 0.97 

- 0.4 

51010 

0.84 

0.30 

0.1 

- 3.52 

- 1.27 

- 0.5 

4.59 

- 6.17 

- 0.3 

51011 

- 1.21 

1.63 

0.1 

5.80 

- 7.80 

- 0.4 

- 1.88 

0.27 

0.2 

51013 

0.44 

- 0.06 

- 0.0 

- 2.32 

0.33 

0.2 

3.28 

0.74 

- 0.2 

51017 

- A. 79 

- 0.18 

0.0 

4.07 

0.92 

- 0.2 

4.04 

0.81 

- 0.9 

51019 

- 0.84 

- 0.17 

0.2 

4.88 

0.08 

- 1.1 

2.31 

- 1.32 

1.0 

51020 

- 0.46 

0.27 

- 0.2 

2.78 

-1 .59 

1.2 

6.05 

- 0.53 

- 0.8 

51021 

-1 .05 

0.09 

O.l 

7.10 

- 0.62 

- 0.9 

3.72 

- 3.50 

- 0.9 

51022 

- 0.63 

0.60 

0.2 

4.35 

- 4.10 

- 1.0 

1.15 

- 6.95 

1.1 

51023 

- 0.19 

1.12 

- 0.2 

1.34 

- 8.07 

1.3 

0.18 

- 1.36 

0.1 

51024 

-0 .08 

0.62 

—0 .0 

0.26 

- 1.98 

0.1 

- 0.57 

0.26 

0.5 

51026 

0.52 

- 0.2 3 

- 0.4 

- 1.09 

0.49 

0.9 

1.01 

1.35 

- C.7 

51027 

- 1.37 

- 1.83 

0.9 

2.38 

3.18 

- 1.6 

- 0.50 

0.02 

0.3 

51028 

0.47 

- 0.02 

— 0.3 

—0 .97 

0.04 

0.6 

- 0.36 

0.73 

— 0.6 

51029 

0.90 

- 1.83 

1.6 

- 1 .26 

2.57 

- 2.3 

0.20 

0.36 

- 0.2 

5 1031 

- 0.13 

- 0.24 

O.l 

0.33 

0.61 

- 0.3 

1.30 

1.37 

- 0.7 

5 1032 

-1 .39 

- 1.37 

0.7 

2.77 

2.74 

- 1.4 

4 .46 

- 1.52 

1.4 

51095 

- 0.80 

0.27 

- 0.3 

5.27 

- 1.80 

1.7 


UNIT OF RESIDUALS (METERS 1 
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Table '5-11 

Transformation 

NAD 71 E -TO- N'WL-9D ( MOL- MODEL ) 


SOLUTION FOR ? TRANSLATION, 1 SCALE AND 3 RnTATIOM OARA*^ETER< 




(USING 

; VARIANCES 

ONLY) 




DX DY DZ 

DELTA 

□ MEGA 

psi epsilon 


METERS METERS METERS 

(Xl.D+6) 

SECONDS SECONDS RFCONOR 


-27.44 151. 

61 178. *=4 

1.84 

-0.24 

C.46 -0. 

06 


+ 0 .36 + 0. 

37 + 0.37 

♦ 0.40 i 

0.10 + 

0.10 + 0, 

14 



VARIANCE 

- covariance MATRIX 



S02 

= 0.67 






0.130D+O0 

0.772D-03 

-0, lOGD-02 

0.6000-07 

0. 17^0-08 

-O.loiD-07 

-0 .5 43 0-08 

0.772D-03 

0 .1370+00 

-0. 5370-02 

0.5320-08 

-0.7P1D-C7 

-0.1430-07 

0.184D-07 

-0.1 OOD-0? 

-0 .5370-02 

0. 1360+00 

0,1590-07 

0 . 1P8D-07 

0.769D-07 

0 

. 

1 

o 

0.6C0D-07 

0 .5320-08 

0.1 590-07 

0.1630-12 

0 .1050-29 

-0. 128D-29 

-o,l9in-?Q 

0.179D-08 

-0 .7910-07 

0.1980-07 - 

•0. 1050-29 

0.2340-12 

C. 6010-13 

0.740D-17 

-0.191D-07 

-0. 1430-07 

0. 7690-07 

0.1220-29 

0. 6010-13 

0,2150-12 

0.P04D-1? 

-0.5A3D-O8 

0 .1840-<->7 

0.1430-07 

0.2660-29 

0.7400-13 

0,804D-13 

0.4680-12 



COEFFICIENTS OF CORRELATION 



O.IOOD+Ol 

0. 5770-02 

-0.7 550-02 

0. 4120+00 

0.1030-01 

-0. 1140+00 

-0.2 20D-0.1 

0.5770-02 

0 .1000+01 

-0.3 930-01 

0.3560-01 

-0 .4410+00 

-0.8320-01 

0. 7260-01 

-0 .7550-02 

-0 ,3930-01 

O.lCOD+01 

0.1070+00 

0.1 110+00 

0.4500+00 

0 .56OD-01 

0.412D+00 

0 .3560-01 

0,1070+00 

0. lOOD+01 

0.5400-17 

-0.6860-17 

-0 .6560-17 

0.1 030-01 

-0 .4A1D+00 

0.1 llO+CO 

0.5400-17 

0 .1000+01 

0,2680+00 

0. 2230+00 

-0.1140+00 

-0 .8320-01 

0.4500+00 - 

-0,6860-17 

0. 2680+00 

O.lOOD+Ol 

0 .2530 + 00 

-0.2200-01 

0 .7260-01 

0.5690-01 - 

0.6560-17 

0. 2230+00 

0.2530+00 

0,1 AOO + 01 


NOTE : THE POSITIVE AXES ARE TOWARDS MEAN 


GREENWICH, EAST, AND CIO. THE ROTATIONS 


PRINTED ARE ABOUT 3RD, 2ND, AND 1ST AXES RESPECTIVELY. 
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Table 5-12 


Transformation 

mn 27 w -TO- ^'WL-^^n C3 paramfter ) 


SOLUTION FOR 3 TRANSLATION PARAMETERS 
(UNITS - METERS) 


(USING VARIANCES ONLY) 


DX 

METERS 


-0.2P.480?Pin+02 
+ 0,67 


DY 

METERS 


C, 15522589D+03 
t 0.67 


DZ 

METERS 


0.17996662D+03 
+ 0.67 


VARIANCE - COVARIANCE MATRIX 


M02= 1.89 

0.45494455D+00 

0.0 

0.0 


0 . 0 

0,454944550+00 

0.0 


0.0 

0.0 

0,454944550+00 


COEFFICIFNTS OF CORRELATION 


O.lOOOOOOOD+01 

0.0 

0.0 


0.0 

0. lOOOOOOOD+01 

0.0 


0.0 

0.0 

0 . 100000000+01 




no 



Table 5-12 (cont'd) 


RESIDUALS V 
SPHERICAL 


VUNtAD 27 W) 


V2 ( ^WL-‘50 ) 


VI - V2 


10000 

0.91 

1.84 

0.0 

10000 

-1 .06 

10006 

-i.77 

1.81 

1.5 

1C006 

1 .00 

100?1 

“2 • uO 

-4.67 

2.8 

1CC31 

0.57 

100 55 

5.05 

-7,93 

0.9 

10055 

-1.06 

200A3 

-1.13 

-5.53 

0.7 

20003 

0 .3 0 

3G02P 

6.29 

-2.78 

0,1 

30029 

-1 .5 1 

300 OB 

3.78 

-6.12 

-0.3 

3 000 8 

-0.8 3 

300OR 

7.52 

4. 09 

C.2 

3 cc-oo 

-3.15 

5103P 

-4.44 

-0.05 

0.0 

5 10? o 

2.58 

51041 

-0.2 5 

0.85 

0.3 

51041 

0.52 

51043 

2.9 0 

3.98 

0.4 

5 1043 

-1.5 9 

51044 

0.9Q 

2.1^ 

-0.1 

51044 

-0.72 

51048 

-2.11 

-0.33 

0.3 

51048 

1 .48 

51052 

-3.5 5 

0.03 

-l.S 

51052 

1.31 

51066 

4.6 4 

-4.66 

-0.6 

5 1066 

-1.06 

51074 

5.74 

-2.45 

-0.5 

51074 

-1 ,30 

51089 

3.25 

-6.04 

-0.8 

5 1089 

-0.7 2 

51103 

-4.72 

-0.35 

0.2 

51103 

2,43 

51123 

-4,88 

0.60 

1.9 

51123 

2.51 

51124 

-4.20 

C.63 

1.3 

51124 

2 .64 

52063 

3.3 3 

-4.95 

0.2 

52063 

-0.78 

10008 

0,79 

3.61 

-0.2 

10008 

-0.46 

10056 

-0.94 

-6.39 

-1 .2 

1005 6 

0.21 

10071 

-1.72 

-0.73 

1.4 

10071 

1.00 

20176 

-3.1C 

-0.30 

-1.2 

201 76 

1 .03 

20177 

-4.58 

-1,71 

-i.2 

2C177 

1 .78 

20208 

' -1.42 

-3.39 

1 .2 

20208 

0,49 

300 30 

1.29 

0.57 

1*3 

30030 

-0 .73 

51056 

1.91 

0.58 

0.6 

51056 

-0.89 

51057 

2.57 

-0.63 

0.1 

51057 

-0.90 

51058 

3.29 

-3.50 

-1.2 

51058 

-0.80 


-2.14 

-1.1 

1.97 

3.98 

2.0 

-1.02 

-0.9 

-2.76 

2.83 

2,4 

i.32 

-0,8 

-2.57 

-5.90 

3.5 

1.67 

-0.2 

6.11 

—9 .60 

1.1 

1 .44 

-0.2 

-1.43 

-6 ,96 

0, 9 

0.67 

-n .0 

7.80 

-3.45 

0. 1 

1.35 

0.1 

4.62 

-7.47 

-0.4 

-1.71 

-0.1 

10.67 

5.80 

0. 3 

0.03 

-0,5 

-7.01 

-0 .08 

1.4 

-1.78 

-0.6 

-0.77 

2.6? 

1.0 

-2.18 

-0.2 

4.50 

6.16 

0,6 

-1.59 

0.1 

1 .71 

3. 78 

-0.2 

0.23 

-0.2 

-3.58 

-0.56 

0. 5 

-0.01 

0.7 

—4 . 86 

0.04 

-2.4 

1.07 

0.1 

5.70 

-5.75 

-C.7 

0.55 

0.1 

7.03 

-3.00 

-0, 6 

1.34 

0.2 

3.97 

-7.39 

-1.0 

0.18 

-0.1 

-7.15 

-0.53 

0.3 

-0.31 

“1.0 

-7.39 

0.91 

2.0 

-0.40 

-0.8 

-6.84 

1.03 

?.? 

1.15 

-0.0 

4.11 

-6. 10 

0.3 

-2.11 

0.1 

1.25 

5.72 

-0.3 

1 .44 

0.3 

-1.16 

-7.83 


0.42 

-0.8 

-2.72 

-1.15 

2.1 

0.26 

0.4 

-4.13 

-1.06 

-1.5 

0.66 

0.5 

-6.36 

-2.38 

-1.7 

1.14 

-O.M- 

-l.°l 

-4,45 

1.7 

-0.32 

-0.7 

2.02 

0.89 

2. 0 

-0.27 

-0.3 

2.80 

0.84 

o.p 

0.22 

-0.0 

3.48 

—0 .86 

0. 1 

0.93 

0.3 

4.17 

-4,43 

-1.5 


UNIT HF RESIDUALS (METERS) 


uy i’Qin Recycle 


r;aro3 
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Table 5-13 


Transformation 

N4P 27 W -TO- NWL-‘?'D (4 PARAMETER ) 


SOLUTION FOR ? TRANSLATION AND 1 SCALE 
(UNITS - METERS) 


DX 

METERS 

-0. 1868 2P^5D-*-02 
♦ 0.9? 


(USING 


DY 

METERS 


C. 18,3084470 + 0^ 
1 2.36 


VARIANCES ONLY) 


02 

METERS 


0.15673465P+03 
+ 1.98 


VARIANCE - COVARIANCE MATRIX 


M02r 0.73 

0. 842370190+00 
0. 189552400+01 
•0. 15807250D+01 
0. 404857360-06 


0.169552400+01 

0.556548940+01 

-0.449465290+Cl 

0.115117640-05 


-0.158072500+01 
449465290+01 
0. 3923«^36P0+C1 
-0. 959994860-06 


COEFFICIENTS OF CORRELATION 


0 . 100000000+01 
0. 875439460+00 
-0* 869448430+00 
0.889596850+00 


0.875439460+00 
0 . 100000000+ 01 
0.96179712D+C0 
0.984085620+00 


-0.869448430+00 
-0.961797120+00 
0. lOOOCO 000+01 
-0.977351060+00 


OARAMFTER5 


DELTA 

(XI. 0+6) 

D.595O2OIOD+OI 
+ 0,50 


0.404857360-06 
O. 115117640-05 
-0.959994860-06 
0.245875140-12 


0.889596850+00 

0.984085620+00 

-O.97735IC6D+OO 

0. lOOOOOOOD+01 
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Table 5-13 (cont'd) 


RESIDUALS V 

spherical 


( 

VI (NAD 

27 W ) 



V? ( NWL 

-90 ) 


1 < 

1 

1 

1 1 
1 

1 < 
1 


lOOCO 

0 . 10 

0.77 

0.7 

IGCGO 

- 0.12 

- 0.89 

-0 .9 

0 . 2 ? 

1.66 

1.6 

10006 

- 1.91 

- 1.74 

1.0 

10006 

1 .07 

0.98 

- C .6 

- 2.98 

- 2.72 

i • 6 

10031 

- 0.3 8 

- 1.66 

2.3 

1 0031 

0.11 

0,47 

- 0.7 

- 0.49 

- 2 . 1 " 

2.0 

10055 

5.91 

- 2.39 

o . 1 

19055 

-1 .25 

0.50 

-0 .0 

7.16 

- 2.09 

0 . 1 

20003 

1.08 

- 2.14 

0.2 

20003 

- 0.28 

0 . 56 

- 0.1 

1 .36 

- 2.79 

9.2 

30 C 2 R 

1.92 

1.34 

- C .8 

3 CC 29 

- 0.46 

- 0.32 

0.2 

2.38 

1.66 

- 1.0 

300 Ee 

3.43 

- 0.77 

- i.O 

3 CO 9 8 

-0 .7 6 

0.17 

0,2 

4.10 

- 0.04 

- 1,3 

300 <^E 

3.20 

3.82 

- t * .4 

3 0099 

- 1.34 

- 1.60 

9.1 

4 • 54 

5.41 

- r .5 

51039 

-1 .26 

- 2.47 

0 * . ? 

5 1039 

0.73 

1 .44 

- 0.2 

- 1 .99 

- 3,91 

0,5 

51041 

-C . 0 6 

- 9.44 

9.1 

51941 

1.84 

0.93 

-9 .2 

- 2 . 7 ? 

- 1.37 

0.4 

510^3 

0.20 

3.6 3 

0.0 

5 1043 

- 0.11 

- 1 . 9 «> 

- 0.0 

0.31 

5,63 

0.1 

51044 

- 0.23 

1.72 

- 0.3 

5 iC 44 

0.17 

- 1.24 

0.3 

- 0.40 

2 .96 

- 9 , A 

51046 

- 0,77 

- 1.21 

C.O 

5 1048 

0.54 

0.85 

- 0.0 

-1 .31 

- 2.06 

0.0 

51052 

- 0.8 4 

0.83 

- 2.1 

51052 

0.31 

- 0.31 

0.8 

- 1.15 

1.14 

- 2. <5 

51066 

1.80 

0.28 

- 1.4 

5 1066 

-0 .41 

- 0.06 

0.3 

2.21 

0.35 

- 1.7 

51074 

4.12 

2.74 

- 1.2 

5 1974 

-<* U 9 5 

- 0.62 

0.3 

5 .95 

3.36 

- 1.5 

51089 

3.72 

- 0.88 

- 1.5 

5 1089 

- 0.8 3 

0 . 19 

0.3 

4.55 

- 1.07 

- 1.9 

51103 

- 1.98 

- 1.33 

- 0.2 

5 1103 

1 .02 

0.69 

0.1 

- 3 .CC 

- 2 . 0 ? 

- 0 , 3 

51123 

- 1.51 

- 1.22 

i .4 

5 il 23 

0.7 8 

C .63 

- C .7 

- 2.29 

-1 .85 

2.1 

51124 

- 1.13 

- 2.30 

0.7 

51124 

0.71 

1.45 

- 0.5 

- 1.84 

- 3.7 4 

1.2 

52063 

4.39 

- 0.30 

- 0,4 

52063 

- 1.02 

0.07 

0,1 

5 ,41 

- 0.3 8 

- 0.5 

10008 

- 2.84 

- 0.26 

- 1.0 

ICO 08 

1.66 

9,15 

0 .6 

“ 4 . 50 

- 9.41 

- 1.6 

10056 

2.00 

- 2.14 

- 1.9 

10056 

- 0.45 

0.48 

0.4 

2.45 

-2 .62 

- 2 . ? 

10071 

- 0.53 

- 0.98 

1.1 

■ 10071 

0.3 i 

0.57 

- 0.6 

- 0 . 84 

- 1 .55 

1.7 

20176 

- 0 . 17 

0.55 

- 1.6 

20176 

0.06 

- 0.18 

0.5 

- 0.22 

0.79 

- 2.1 

20177 

-1 .28 

- 1.65 

- 1.7 

2 0177 

0.50 

0.64 

0.7 

- 1 .78 

- 2.29 

- 2.3 

20208 

0.17 

- 1.52 

0.9 

20208 

- 0 ,06 

0.53 

- 0.3 

0 . 2 ? 

- 2.04 

1.2 

300 30 

1.04 

0.81 

1..1 

30030 

- 0.59 

- 0.46 

- 0,6 

1.63 

1.26 

1.6 

51056 

0.92 

1.49 

0.3 

51056 

- 0.42 

- 0.69 

- 0.1 

1.34 

2.18 

0.4 

51057 

1.67 

1.59 

- C .3 

51057 

-0 .58 

- 0.56 

0.1 

2.26 

2.14 

- 0.4 

51058 

2.75 

0,40 

- 1.7 

51058 

- 0.73 

- 0.11 

0.5 

3.49 

0.50 

- 2.2 


UNIT OF RESIDUALS (METERS) 
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Table 5-14 


Transformation 

NAD 27 w -TO- NWL-^0 (BURSA J 

SOLUTION FOR 3 TRANSlATI ONt 1 SCALE AND 3 ROTATION PARAM^MS 

(USING VARIANCES ONLYJ 


OX DY DZ DELTA OMEGA PSI EPSILON 

METERS METERS METERS (Xl.D+6) SECONDS SECONDS SECONDS 

-12. <92 160.17 155.67 5.95 0.60 -0.41 -0.10 

♦ 2.92 + 2.59 ♦ 2.83 ♦ 0.34 ♦ 0.09 ± 0.08 ♦ 0.10 

VARIANCE - COVARIANCE MATRIX 


S02 = 

0.34 






0.8 52D+01 

-0.328D+00 

0.124D+01 

0.1890-06 

0.9980-06 

0.8850-06 

-0.1 11 0-06 

-0.3 28D+00 

0 .6720+01 

0.234D+01 

0. 536D-06 

-0. 3110-06 

0.6240-07 

- 0 . 9260-06 

0.124D+01 

0 .234D+01 

0.798D+01 

-0.4470-06 

0.482D-07 

0.4480-06 

- 0 . 1160-05 

0.189D-06 

0.5360-06 

-0.447D-06 

0.1150-12 

0.8140-28 

0.2400-27 

-0.2740-27 

0.998D-06 

-0.311D-06 

0.4820-07 

0.686D-28 

0.I73D-12 

0.4800-13 

0.659 0-14 

0.885D-06 

0.624D-07 

0.448D-06 

0. 1070-27 

0.4800-13 

0.1690-12 

-0.3620-13 

-O.lllD-06 

-0.926D-06 

-0.116D-05 

-0.211D-27 

0.6590-14 

-0.3620-13 

0.2340-12 



COEFFICIENTS OF CORRELATION 



O.ieOD+01 

-0 .4330-01 

0.150D+00 

0.191D+O0 

0.8220+00 

0.7370+00 

- 0 . 7830-01 

-0.433D-01 

0.1000+01 

0.3200+00 

0. 6110+00 

-0.2830+00 

0.5850-01 

-0.7380+00 

0.1500+00 

0 .3200+00 

O.lOOD+01 

-0. 4680+00 

0.4100-01 

0.3860+00 

-0 . 8460+00 

0. 1910+00 

0.611D+00 

-0.4680+00 

O.lOOD+01 

0.5780-15 

0.1720-14 

-0.1670-14 

0.822D+00 

-0.288D+00 

0.4100-01 

0.5780-15 

0.1000+01 

0.2810+00 

0.3270-01 

0.737D+00 

0.5850-01 

0.3860+00 

0. 1720-14 

0.2810+00 

0.1000+01 

-0.1820+00 

-0.7830-01 

-0.738D+00 

-0.8460+00 

-0.1670-14 

0.3270-01 

-0.1820+00 

0.1000+01 


NOTE i the positive AXES ARE TOWARDS MEAN 

GRFENWICHf EAST# AND CIO. THE ROTATIONS 

PRINTED ARE ABOUT 3RD# 2ND* AND 1ST AXES RESPECTIVELY. 


© 


Vad9 Pru’nflff'y from 


Recycled Fibres 
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Table 5-14 (conf d) 


RESIDUALS V 
SPHERICAL 



VI (NAD 

1 27 W ) 



V2 { NWL 

-90 J 


VI 

1 . 

1 

» < 
1 M 


10000 

0.72 

0.33 

0.6 

10000 

- 0.84 

- 0.39 

- 0.7 

1.56 

0.72 

1.3 

10006 

0.13 

- 1.74 

C.5 

10006 

- 0.08 

0.98 

- 0.3 

0.21 

- 2.72 

0.7 

10031 

- 2.08 

- 0.67 

2.8 

1C031 

0.59 

0.19 

- 0.8 

- 2.67 

— 0 .86 

3.6 

10055 

2.77 

- 1.77 

1.0 

10055 

-0 .58 

0.37 

- 0.2 

3.35 

- 2.14 

1.3 

20003 

- 0 . 8 ? 

- 0.81 

0.7 

20003 

0.21 

0.21 

—0 .2 

- 1.03 

- 1.02 

0.9 

300 

- 0.55 

- 1.12 

- 0.0 

30029 

0.13 

0.27 

0.0 

- 0.68 

- 1.39 

- 0,0 

30098 

0.36 

- 0.84 

- 0.1 

30098 

- 0.08 

0.19 

0.0 

0.44 

- 1.03 

- 0 . 1 

30099 

3.34 

1.32 

- 0.2 

30099 

-1 .40 

- 0.55 

0.1 

4.74 

1.87 

- 0.3 

51039 

0.06 

- 0.61 

- 0.2 

51039 

- 0.04 

0.36 

C.l 

0.10 

- 0.97 

- 0.4 

51041 

- 0.13 

- 0.78 

- 0.1 

51041 

0.27 

1.64 

0.1 

- 0.40 

- 2.42 

- 0 . 2 

51043 

0.39 

2.09 

0.1 

5 1043 

- 0.21 

- 1.15 

- 0.0 

0.60 

3.24 

0,1 

51044 

0.04 

1.04 

- 0.4 

5 1044 

-O .03 

- 0.75 

0.3 

0.07 

1.79 

- 0.7 

51048 

- 0.28 

- 0.42 

- 0.2 

51048 

0.20 

0.29 

0.1 

- 0.48 

- 0.71 

- 0.3 

51052 

- 1.30 

2.40 

- 2.1 

51052 

0.48 

- 0.89 

0.8 

- 1.78 

3.29 

- 2.9 

51066 

- 1.12 

- 1.24 

- 0.5 

5 1066 

0.26 

0.29 

C.l 

- L.38 

- 1.53 

- 0.7 

51074 

1.10 

1.93 

- 0.3 

51074 

- 0.25 

- 0.44 

0.1 

1.35 

2.37 

- 0.4 

51089 

0.77 

- 0.49 

- 0.6 

51089 

- 0.17 

0.11 

0.1 

0.95 

- 0.59 

- 0.8 

51103 

- 1.45 

0.25 

- 0.4 

51103 

0.75 

- 0.13 

0.2 

- 2.20 

0.38 

- 0.7 

51123 

- 0.53 

0.73 

0.9 

51123 

0.27 

- 0.38 

- 0.5 

- 0.80 

1.11 

1 .4 

51124 

0.47 

- 0.49 

0.1 

5 1124 

- 0.30 

0.31 

- 0.1 

0.77 

- 0.80 

0.1 

52063 

1.75 

0.40 

0.4 

5 2063 

- 0.41 

- 0.09 

- 0.1 

2.16 

0.49 

0.4 

10008 

- 0.53 

- 2.34 

- 1.4 

10008 

0.31 

1.37 

0.8 

- 0.85 

- 3.71 

- 2.2 

10056 

- 0.36 

- 0.39 

- 1.2 

10056 

0.08 

0.09 

0.3 

- 0.44 

- 0,48 

-1 .5 

10071 

- 0.40 

- 0.27 

1.0 

10071 

0.23 

0.15 

- 0.6 

- 0.63 

— 0.42 

1 . 6 

20176 

- 0.93 

2.25 

- 1.5 

20176 

0.31 

- 0.74 

0.5 

- 1.23 

2.99 

- 1.9 

20177 

- 1.33 

0.24 

- 1.8 

20177 

0.5 2 

- 0.09 

0.7 

- 1.85 

0.34 

- 2.5 

20208 . 

- 0.84 

- 0.57 

1.1 

20208 

0.29 

0.20 

- 0.4 

- 1.13 

- 0.76 

1.5 

30030 

0.90 

0.70 

1.1 

30030 

—0 .50 

- 0.40 

- 0.6 

1.40 

1.10 

1.7 

51056 

0.38 

0.96 

0.5 

51056 

- 0.18 

- 0.44 

- 0.2 

0.55 

1.40 

0.7 

51057 

0.38 

1.13 

0.1 

51057 

- 0.13 

- 0.39 

- 0.0 

0.51 

1.52 

0.2 

51058 

0.51 

0.18 

- 1.1 

51058 

- 0.14 

- 0.05 

0.3 

0.64 

0.22 

- 1.3 


UNIT OF RESIDUALS ( METERS } 


Wada Primarily from Recycled Fi6r«$ 
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Table 5-15 


Transformation 

MAD 27 W -TO- NWL-^^O (MOL- MODPL ) 

SOLUTION FOR 3 TRANSLATION, 1 SCALE AND 3 ROTATinN 

(USING variance? ONLY) 

nv nv QZ delta OMEGA RSI ERSIL^N 

METERS METERS METERS (XT,D+6) SECONDS SECONDS SECONDS 

-28.62 156.47 180.61 5.95 0.60 -0,41 -o.lO 


+ 

0.29 + C. 

29 + 0,29 

+ 0,34 + 

0.0° + 0 

.08 + 0.10 



VARIANCE 

- COVARIANCE MATRIX 







———— ——— 




S02 = 

C.34 






G.835D-01 

0 .965D-C4 

0.1 710-03 

-0.697D-08 

-0. 9150-09 

-0. 1380-07 

0,3 270-^ 8 

0,9650-04 

0 .844D-01 

-0. 1000-03 

O. 21 50-08 

O.lllD-07 

-O. 2170-09 

0 . 2'^7 0-<'»7 

0,171D-03 

-0 .190D-C3 

0.8340-01 

0,9930-08 

-0,3050-08 

-0.9610-08 

-0.2200-OP 

-C.697D-0e 

0 .2150-08 

0.9O3D-C8 

0. 1150-12 

-0.8870-30 

-0. 7560-30 

0 .1590-2° 

-0.915D-09 

0 ,1110-07 

-0,3050-08 

0. 1440-29 

0.173D-12 

0.480D-13 

0.6590-14 

-0.138D-07 

-0 .2170-09 

-0.9610-08 

0.1080-29 

0.480n-13 

0.1690-12 

-O. 3620-13 

G.327D-08 

0 ,207D-C*^ 

-C. 2200-08 

0.<i54D-30 

0.6590-14 

-0.3620-13 

0.2340-17 



COEFFICIENTS OF CORRELATION 



O.lOOD+01 

0. 1150-02 

. 0.2G6D-02 

-0.7130-01 

-0.7610-02 

-0 .1160+00 

0.2330-01 

0.1 15D-02 

O.IOOD-Kil 

-0.2260-02 

G. 21°D-01 

0 .9190-01 

-0. IP2D-02 

0.147P+0C 

0.206D-02 

-0 .2260-02 

0.1000+01 

0. 10 20+00 

-0.2 540-01 

-o. 8100-01 

-0.1 570-01 

-C.713D-01 

0 .219D-C1 

0.102D+CO 

0.1000+01 

-0. 6300-17 

-0.543D-17 

0.9700-17 

-0.761D-02 

0 .9190-01 

-0.2 540-01 

-0.6300-17 

0. 1000+01 

0.2810+00 

0. 3270-01 

-0.1 16D+O0 

-0. 1820-02 

-0.8 100-01 

-0. 543D-17 

0. 2810+00 

0.1000+01 

-0 .l«2C+0O 

0.2330-01 

0.1470+00 

-0,1570-01 

0.970D-17 

0. 3270-01 

-0.1820+00 

0.1000+01 


NOTE : THE POSITIVE AXES ARE TOWARDS MEAN 

GREENWICH, EAST, AND CIO. THE ROTATIONS 

PRINTED ARE ABOUT 3RD, 2ND, AND 1ST AXES RESPECTIVELY, 
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Table 5-16 


Transformation 

TRAVERS -TO- NWL-^^D (3 PARAMETER } 


SOLUTIOM FOR 3 TRAMSLATION PARAMETERS 
(UNITS - METERS) 


(USING VARIANCES ONLY) 


DX 

METERS 


-0.2<^a3P255D+C2 
■*■ 0*26 


DY 

MPTERS 


0. 15142R10n+03 
± 0.26 


0 . 


VARIANCE ~ COVARIANCE MATRIX 


M02= l.Ap 

0.67218783D-01 

0.0 


0.0 


0.0 0 . 

0.67218783D-01 0. 

0.0 0 . 


COEFFICIENTS OF CORRELATION 


O.IOOOCOOOD+Cl 0.0 0 
0.0 0. lOCOOOOOD+01 0 
0.0 0.0 0 


02 

177701370 + 0 ? 
± 0.?6 


0 

0 

6721878 3D-01 


0 

0 

100000000+01 


117 



Table 5-16 (cont'd) 


lonno 

10003 
10006 
1C018 
100 IQ 
10020 
10021 
10022 
ICO 22 
100 31 
100 50 
20003 
20016 
30025 
3002S 
300 29 
3C098 
30099 
51008 
51019 
51015 
51025 
51030 
51033 
510 39 
510^1 
51093 
51099 
51098 
51052 

51066 

51067 

51068 

51069 
51079 
51069 
51103 
51121 
51123 
51129 

51125 

51126 
52001 
52063 


RE6I0UAL5 V 
SPHERICAL 


VI ( TRAVERS ) 



V ? ( NW L 

-90 ) 


0.39 

- 0.91 

0.5 

1 00 00 

- 0 . 3 ^ 

0.91 

- 0.5 

- 0.50 

0.72 

0.7 

10003 

0.50 

- 0.72 

- 0,7 

0.57 

0.32 

0.5 

10006 

- 0.57 

- 0.32 


0.37 

- C.15 

C.o 

10018 

- 0.37 

0.15 

- 0 .9 

- 1..90 

0.32 

0 

L • ^ 

10019 

0 ,4A 

- 0.32 

— 1*2 

- 0,95 

0,04 

1 .2 

10020 

0 .95 

- 0,09 

- 1 .2 

- 0.91 

0.86 

1.6 

ir,021 

0.91 

- 0.86 

— 1,6 

- C.99 

0.81 

0.3 

1O0 22 

0 .^9 

- 0.81 

- 0.3 

- 0.76 

C.3 5 

0.7 

1 0023 

0.76 

- 0.35 

—0 , f 

1.05 

- 1.35 

T 0 

A • - ’ 

1 0031 

- 1 . C5 

1.35 

■“ 1*3 

0.8 2 

- 1 . 2 ? 

0.3 

1005 5 

— Oi .82 

1.23 

-0 , 3 

1.19 

- 1.92 

0.0 

20A03 

- 1 . 1 ° 

1.92 

- 0.0 

- 0.07 

0.29 

L.5 

20016 

0.97 

- 0.29 

-1 . 5 

- 0.91 

0.09 

0.6 

3 002 5 

0.91 

- 0.08 

-0 .6 

0.00 

0.55 

C.l 

3 002 8 

-0 .CO 

- 0.55 

- 0,1 

1.59 

- 2.68 

0.0 

3C029 

-1 .59 

2.63 

- 0.0 

0.89 

- 1.96 

- 0.9 

30OQP 

- 0.89 

1.96 

0.9 

- 0,53 

- 1.85 

- 0.1 

3 0099 

0.53 

1.85 

0.1 

- 0.90 

- 0.20 

- 0,2 

51008 

0 .90 

0.20 

0,2 

- 1.2 1 

0.29 

- 0.2 

5 1019 

1.21 

- 0.29 

0.2 

- 1.11 

0.20 

C.O 

51015 

1.11 

- C.20 

-G .0 

- 0.95 

- 0.03 

C.O 

51025 

0 .95 

C.03 

-0 .0 

C.69 

0.36 

- 0.7 

51030 

-0 .69 

- 0.36 

• 7 

0.71 

0.35 

- 0.2 

5 1033 

- 0.71 

- 0.35 

0.2 

- 0.96 

0.33 

- 0.2 

5103 ° 

0.96 

- 0.33 

0 .2 

. - 0.5 3 

- 0.55 

- 0.1 

51041 

0.52 

0.55 

0. 1 

- 0.88 

- 1,06 

-o.c 

5 1093 

C .88 

1.06 

0 .0 

- 0.88 

- 0.91 

- 0 . 5 ' 

51094 

0.88 

C.91 

0.5 

1.18 

1.02 

- 0.9 

51098 

- 1.18 

- 1.02 

0.9 

1.06 

0.69 

- 1.9 

51052 

-1 .06 

- 0,69 

1 ,9 

1.08 

- 3,01 

- 0,5 

51066 

-1 .08 

3.01 

0.5 

- 0.05 

- 0.27 

0.9 

51067 

0 .0 5 

0.27 

- 0.9 

- 1.10 

0.69 

0.5 

51C68 

1 .10 

- 0.69 

—0 .5 

- 1.11 

0.62 

0.2 

51069 

1.11 

- 0.62 

- 0.2 

1.07 

- 1.17 

- n.4 

51079 

-1 .07 

1.17 

0.9 

0,69 

- 1.13 

- A. 8 

51089 

— 0 .69 

1.13 

0.3 

0.92 

0.78 

- 0.6 

51103 

- 0.92 

- 0.78 

0.6 

- i.09 

0.08 

0.1 

51121 

1 .09 

- 0.08 

- 0.1 

C.19 

0.78 

0.6 

51123 

- 0.19 

- 0.78 

—0 .6 

- 0.69 

0.86 

0.2 

51129 

0,69 

- 0.86 

— 0 . 2 

- 1.53 

0.68 

0.6 

51125 

1 .53 

- 0.68 

— 0 . 6 

- 1.39 

0.93 

0.3 

51126 

1.39 

- 0.93 

— 0 ,3 

- 0.97 

- 0.09 

- 0,9 

52001 

0.97 

0.09 

0.9 

1.28 

- C.06 

- C.2 

52063 

- 1.28 

0.06 

0.2 


UNIT OF RESIDUALS (METERS ) 


VI 

- V ? 

0.68 

- 1,81 

-1 .on 

1.99 

1.19 

0.65 

0.79 

- 0,30 

- n.70 

0.69 

-0.89 

0.07 

- 0,93 

1.72 

-O.op 

1.61 

- 1.51 

0,69 

2.10 

- 7.60 

i.68 

- 2.96 

2 .39 

- 2.95 

- 1.05 

0.90 

- 0.82 

0.16 

0 .00 

1.10 

3 , 18 

- 5.26 

1.68 

- 3.93 

- 1.07 

- 3.70 

- 1.80 

- 0.90 

- 2.91 

0.98 

- 2 . 2 ? 

0,90 

- 0,90 

—0 .06 

1 .38 

0.71 

1 .92 

0,70 

- 0.97 

0.66 

- 1.06 

- l.ll 

- 1.76 

- 2.11 

- 1.75 

- 0.82 

2.36 

2.04 

2.12 

1.23 

2.17 

- 6.03 

- 0.10 

- 0.53 

- 2.20 

1.77 

- 2.22 

1.29 

2.15 

- 2.33 

1.28 

- 2.26 

1.84 

1.57 

- 2.18 

0.16 

0.29 

1.57 

- 1.38 

1.72 

- 3.07 

1 .37 

- 2 . 6S 

0.87 

- 1.99 

- 0.18 

2.57 

- 0.11 


1.0 

1.9 
1.0 
1.7 

2.9 
2.9 

3.3 
o , « 

1.5 

2.6 
C . 5 
0 . 0 
3.0 

1.3 
0 . 3 
0.0 

- 0 . 8 
- 0 . 1 
-n. 5 
- 0.9 
0.0 
0 . 1 
- 1.9 
- 0.9 
-n. 4 
- 0 . 1 
- 0.0 
-I.l 

- 0.9 
- 3.7 
- O . 9 
0 . 9 
0.9 

0.5 

- 0.9 

- 1.5 

- 1.2 

0.2 

1.2 

0 . 3 

1 . 2 
0.5 

- 0.7 
— 0 . 9 
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Table 5-17 


Transformation 

TRAVERS -TO- NWL-<)D (BURSA ) 

SOLUTION FOR 3 TRANSLATION, 1 SCALE AND 3 ROTATION PARAMETERS 


(USING VARIANCES ONLY) 


DX DY DZ' DELTA OMEGA PSI EPSILON 

METERS METERS METERS (X1,D^6) SECONDS SECONDS SECONDS 



-23.58 155 

.71 173.39 

1.03 

0.15 -0 

.05 0. 

02 


* 1.31 + 1 

.59 ♦ 2.05 

* 0.16 

♦ 0.04 ♦ 0 

.04 * 0. 

08 



VARIANCE 

- COVARIANCE MATRIX 



S02 

= 0.99 






0.172D401 

0 .9280*00 

0.1380*01 

0. 1780-07 

0.1910-06 

0.1940-06 

-0.2640-06 

0.928D4-00 

0 .2520 + 01 

0.2230*01 

0.1190-06 

0.6450-07 

0. 1400-06 

-0.5210-ri6 

0.138D4-01 

0.223D+01 

0.4210*01 - 

-0.8960-07 

0 .1 240-06 

0.2240-06 

-0.743 0-06 

0.178D-07 

0 .1190-06 

-0.8960-07 

0.2410-13 

0.4410-29 

0. 3130-29 

0. 1330-28 

0.191D-06 

0.645D-07 

0.124D-06 

0.1270-28 

0.3140-13 

0. 9870-14 

-0.2360-13 

0.194D-06 

0 .1400-06 

0.2240-06 

0.9400-29 

0.9870-14 

0.3900-13 

-0. 3960-13 

-0.264D-06 

-0.5210-06 

-0.7430-06 

0.4700-29 

-0. 2360-13 • 

-0.3960-13 

0.1450-12 



COEFFICIENTS OF CORRELATION 



O.lOOD^Ol 

0 .4450*00 

0.5110*00 

0.8740-01 

0.8230*00 

0.7480*00 

-0.5280*00 

0.4450^00 

0.1000*01 

0.6850*00 

0.4820*00 

0.2290*00 

0.4470 *00 

-0.8630*00 

0.511D400 

0.6850*00 

0.1000*01 -0.2810*00 

0.3400*00 

0.5530*00 

-0.9520*00 

0.874D-01 

0 .4820*00 

-0.2810*00 

0.1000*01 

0.1600-15 

0.1020-15 

0.2260-15 

0. 8230*00 

0.2290*00 

0.3400*00 

0.1600-15 

0.1000*01 

0.2820*00 

-0.3500*^0 

0.7480*00 

0.4470*00 

0.5530*00 

0.1020-15 

0.2820*00 

0.1000+01 

-0.5270*00 

-0.5280*00 

-0.8630*00 

-0.9520*00 

0.2260-15 

-0.3500*00 ■ 

-0.5270*00 

0.1000*01 


NOTE ! THE POSITIVE AXES ARE TOWARDS MEAN 

GREENWICH, EAST, AND CIO. THE ROTATIONS 

PRINTED ARE ABOUT 3RD, 2ND, AND 1ST AXES RESPECTIVELY. 


©, 


Made Primarily from flee, filed fibres 
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Table 5-17 (cont'd) 


RESIDUALS V 
SPHERICAL 



Vl ( TRAVERS ) 



V2 ( NWL 

- 9D ) 


VI 

- V2 


10000 

- 0,07 

- 0.73 

0.6 

10000 

0.07 

0,73 

-O .6 

- 0.15 

- 1.46 

1.1 

10003 

- 0.10 

0.55 

0.4 

10003 

0.10 

- 0.55 

- 0,4 

- 0.20 

1.10 

0 . 8 

10006 

0.43 

0.27 

0.4 

10006 

—0 .4 3 

- 0.27 

- 0.4 

0.87 

0.55 

0.9 

10018 

0.73 

0.07 

0.7 

10018 

- 0.73 

- 0.07 

- 0.7 

1 . 4 )' 

0.15 

1 .4 

10019 

- 0.18 

- 0.29 

0.9 

10019 

0.18 

0.29 

—0 .9 

— 0.37 

- 0.58 

1.9 

10020 

- 0.14 

- 0.52 

0,8 

10020 

0 . 14 

0.52 

- 0.8 

- 0.28 

-1 .05 

1.7 

10021 

- 0.07 

0.36 

1.3 

10021 

0 .07 

- 0.36 

- 1.3 

- 0 . 14 

0.71 

2.6 

100 22 

- 0.08 

0.48 

- 0.0 

10022 

0.08 

- 0.48 

0.0 

— 0 .15 

0.96 

- 0 . 1 

10023 

- 0.31 

0.10 

0.4 

10023 

0.31 

- 0.10 

- 0.4 

- 0 . 6 ? 

0.20 

0.9 

10031 

0.73 

- 0.36 

1.5 

10031 

- 0.73 

0.36 

-1 .5 

1 .45 

- 0.73 

2.9 

10055 

0.29 

- 0.02 

0.5 

10055 

— 0 .29 

0.02 

- 0.5 

0.57 

— 0 ,04 

0,9 

20003 

0.92 

- 0.37 

0.2 

20003 

- 0.92 

0.37 

- 0.2 

1.84 

- 0.74 

0 . 3 

20016 

- 0.42 

0.10 

1.2 

20016 

0.42 

- 0.10 

- 1.2 

- 0.84 

9.19 

2.3 

30025 

- 0.04 

- 0.67 

C.2 

30025 

0 .04 

0.67 

- 0.2 

- 0.09 

- 1.35 

0.4 

30028 

0.06 

0.05 

- 0.1 

30028 

—0 .06 

- 0.05 

O.l 

0 . 13 

0,10 

- 0.2 

30029 

0.52 

- 1.92 

0.1 

30029 

- 0.52 

1.92 

- 0.1 

1.04 

— 3 .85 

0.3 

30098 

0.18 

- 0.84 

- 0.2 

30098 

- 0.18 

0.84 

0.2 

0.36 

— 1.69 

- 0.4 

30099 

- 1.43 

- 1.73 

0.0 

30099 

1 .43 

1.73 

- 0.0 

- 2.86 

- 3.45 

0.0 

51008 

- 0.11 

- 0.85 

- 0.8 

51008 

0.11 

0.8 5 

0.8 

— 0 . 22 

— 1.71 

— 1.6 

51014 

- 0.21 

- 0.13 

- 0.8 

51014 

0.21 

0.13 

0.8 

- 0.43 

- 0*26 

- 1.7 

51015 

- 0.02 

- 0.12 

- 0.7 

51015 

0 .02 

0.12 

0.7 

- 0.03 

- 0.23 

^ i • 3 

51025 

0.01 

- 0.01 

- 0.2 

51025 

- 0,01 

0.01 

0.2 

0.02 

— 0 .02 

— 0. 4 

510 30 

0.76 

0.40 

- 0.8 

51030 

— 0 .76 

- 0.40 

0.8 

1.52 

0.80 

— 1.6 

51033 

0.52 

0.08 

- 0.3 

51033 

- 0.52 

- 0.08 

0,3 

1,04 

0.16 

- 0.7 

51039 

- 0.22 

0.72 

- 0.3 

5 1039 

0.22 

- 0.72 

0.3 

— 0.43 

1 .44 

— 0 . 6 

51041 

- 0.89 

- 0.55 

- 0.1 

51041 

0.89 

0.55 

0.1 

- 1.77 

— 1 .10 

—0 . 1 

51043 

- 1.59 

- 0.84 

0.1 

51043 

1 .59 

0.84 

- 0.1 

- 3 . 18 

- 1.67 

u . 1 

51044 

- 1.39 

- 0.11 

- 0.5 

51044 

1.39 

0.11 

0.5 

- 2.78 

— 0. 2 1 

— 0.9 

51048 

1.09 

1.49 

- 0.4 

51048 

- 1.09 

- 1.49 

0.4 

2.17 

2.98 

- 0.8 

51052 

0.99 

1.43 

- 1.8 

51052 

- 0.99 

- 1.43 

1 .8 

1.98 

2 .8 7 

- 3 . 5 

51066 

0.15 

- 2.10 

- 0.3 

51066 

- 0.15 

2.10 

0.3 

0.30 

- 4.20 

— 0 . 6 

51067 

0.18 

- 0.12 

0.3 

51067 

- 0.18 

0.12 

- 0.3 

0.35 

- 0.24 

0 . 6 

51068 

- 0.27 

0.21 

- 0,1 

51068 

0.27 

- 0.21 

0.1 

- 0.55 

0.43 

- 0.2 

51069 

- 0.34 

0.09 

- 0.3 

51069 

0.34 

- 0.09 

0.3 

- 0.68 

0.17 

- 0 . 6 

51074 

0.27 

- 0.14 

- 0.2 

5 1074 

- 0.27 

0.14 

0.2 

0.54 

- 0.29 

- 0 . 5 

51089 

0.08 

0.02 

- 0.6 

51089 

- 0.08 

- 0.02 

0.6 

0.16 

0.04 

1 • 2 

51103 

0.99 

1.35 

- 0.6 

51103 

-0 .99 

- 1.35 

0.6 

1.98 

2.70 

- 1.2 

51121 

- 0.58 

0.05 

- 0.2 

51121 

0.58 

- 0.05 

0.2 

— 1.16 

0.10 

— 0 . 3 

51123 

0.35 

1.27 

0.5 

51123 

- 0.35 

- 1.27 

- 0.5 

0.70 

2*55 

i • i 

51124 

- 0.41 

1.16 

0.1 

51124 

0.41 

- 1.16 

- 0.1 

— 0 .82 

2.31 

0 . 1 

51125 

- 0.87 

0.45 

0.2 

51125 

0.87 

- 0.45 

- 0.2 

— 1 .74 

0.90 

0.4 

51126 

- 0.57 

0.09 

- 0.2 

51126 

0.5 7 

- 0.09 

0.2 

- 1.14 

f'l . 1 7 

— 0.4 

52001 

- 0.37 

- 0.96 

- 0.9 

52001 

0.37 

0.96 

0.9 

- 0.74 

-1 .92 

— 1 .9 

52063 

0.81 

1.07 

- 0.0 

5 2063 

- 0.81 

- 1.07 

0.0 

1.63 

2 • 14 

- 0.0 


UNIT OF RESIDUALS ( METERS * 


Made Pnm.tr. 'y from R^?cycted Fibres 
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Table 5-18 


Transformation 

TRAVERS -TO- NWL-RP (MOL- MODEL ) 

SOLUTION FOR 3 TRANSLATION, 1 SCALE AND 3 ROTATION PARAMETERS 


(USING variances ONLY) 


DX DY DZ DELTA OMEGA PST EPSILON 

METERS METERS METERS (Xl.D+6) SECONDS SECONDS SECONDS 



-26.73 151. 

4S> 178.09 

l.C-3 

0.15 -0 

• 

o 

o 

. 

02 


+ 0.22 + 0. 

24 + 0.22 

+ 0,16 

+ n ,04 + 0 

,04 i O.' 

08 

- 


VARIANCE 

- COVARIANCE MATRIX 



SO? 

= 0,00 






0.4P2D-01 

0 .307D-02 

-0.421D-03 

D. 1180-09 

-0.1660-08 

-0.1090-07 

0 .106 0-0 7 

0.3C7D-02 

0 .574D-0I 

-0, 13°D-02 

0. 9150-00 

-0.6O7D-08 

-0.1150-07 

0 .4 200-07 

-0.421D-C? 

-0.139D-02 

0. 4740-01 

0. 6960-08 

0 .9450-09 

0. 1700-08 

-0 . 5 70 0-0 F 

0.118D-CO 

0 .915D-09 

0.6O6D-O8 

0.241D-13 

0 .0 

0.0 

0.9790-3 1 

-0.166D-08 

-0 .697C-05 

0.945D-C9 - 

C. 6120-32 

0.3 140-13 

0.9870-14 

-0.2360-13 

-C.109D-07 

-0 .115D-07 

0.170D-08 - 

C.612D-32 

0.9870-14 

0.3900-13 

-0.3 06 0-1 3 

0.106D-D7 

0.420D-0? 

-0.570D-06 

0. 1470-30 

-0 .2360-13 

-0.3960-13 

0.145D-1 2 



COEFFICTE 

NTS OF CORRELATION 



O.lOOD+01 

0.5830-01 

-0.8 810-02 

0.3460-02 

-0. 4260-01 

-0.2510+00 

0.126 0+00 

0.583D-01 

0 .100D*^01 

-0.266D-01 

0,2460-01 

-0 .1640+00 

-0. 2430+00 

0.4610+00 

-0.881D-02 

-0.266D-01 

O.IOOD+Cl 

C. 2060+00 

0.245D-01 

0.3<550-01 

-0.6880-01 

0.346D-02 

0.246D-01 

0.206D+00 

0.1000+01 

0.0 

0.0 

0.166D-17 

-0.426D-01 

-0 .164D + 00 

0.245D-01 

0.0 

O.lOOP+01 

0, 2820+00 

-0.350D+0n 

-0.251D400 

-0.2430+00 

0,3950-01 

0,0 

0.232D+00 

0. 1000+01 

-0. 5270 +00 

0.126D+00 

O.461D+00 

-0.683D-01 

0. 1660-17 

-0 .3500+00 

-0.5270+00 

O.lOOD+01 

NOTE : THE 

POS ITIVE AXE 

S ARE TOWARD 

S MEAN 





GREENWICH, EAST, AND CIO. THE ROTATIONS 


PRINTED ARE ABOUT 3RD, 2ND, AND 1ST AXES RESPECTIVELY. 
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Table 5-19 


Transformation 

TRAVERS -in- fJWL-9D (VEIS MODEL } 

SOLUTION FOR 3 TRA f4S LA TI ON , 1 SCALE AND 3 ROTATION PARAMETERS 

(USING VARIANCES ONLY) 

DX DY DZ delta alpha ksi eta 

METERS METERS METERS (Xl.P+6) SECONDS SFCONOS ^ecONDS 
-26.73 151.40 178.00 1.03 0.13 C.02 -0.08 

+ 0.22 + 0.24 ♦ 0.22 + 0.16 + 0.03 + 0.08 + 0.04 

VARIANCE - covariance MATRIX 


SQ2= 0.90 


0.4 82D-01 

0 .307 0-0 2 

-0.42 10-03 

0. llPD-09 

0.6090-08 

0.1210-07 

0 .7110-0 8 

0.307D-02 

0 .57^0-GI 

-0.139D-02 

0. 9150-09 

-0 .4210-00 

0.4320-00 

0 .8650-08 

0.421D-03 

-0 .1390-02 

0.47^0-01 

0.6960-03 

-0.47,3 0-10 

-0.5890-08 

-O.I 260-06 

0.1180-09 

0 . 9150-OP 

0.696D-08 

0.2410-13 

0.4630-30 

-0.49or-30 

-0,6340-30 

0.609 D-08 

-0 .421D-C9 

-0.478D-1C 

0.4640-30 

0.2420-13 

0.165D-14. 

0,4330-1 5 

0.121D-07 

0 .43 2D-G7 

-0.5 800-08 

-0.3920-30 

0. 1650-14 

0. 1540-12 

0.3330-13 

0.7110-08 

0.8650-06 

-0.1260-03 

-0.5690-30 

0.4330-15 

0.3330-13 

0.3 680-13 


COEFFICIENTS OF CORRELATION 


O.lOOC+01 

0.5830-01 

-0.8810-02 

0.346D-02 

0. 1780+00 

0.1400+00 

0. 1690+00 

0.5830-01 

0,1000+01 

-0.2660-01 

0. 2460-01 

-0.1130-01 

0. 4600+00 

0. 1880+00 

0.8 81D-02 

-0 .2660-01 

0,1000+01 

0.2060+00 

-0.1410-02 

-0.6890-01 

-0.3010-01 

0.3460-02 

0 .2460-01 

0. 2060+00 

0, 1000+01 

0.192D-16 

-0.8040-17 

-0.213 0-16 

0. 1780+00 

-0.1130-01 

-0,1410-02 

0.1920-16 

0. 1000+01 

0.2690-01 

O .145 0-0 1 

0.1400+00 

0. 4600 + 00 

-0,6890-01 

-0. 8040-17 

0.2690-01 

0. 1000+01 

0.4420+00 

0. 1690+00 

0.18SD+0O 

-0.3010-01 

-0.2130-16 

0.1450-01 

0.4420+00 

0. 1000+01 
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Table 5-20 


Transformation 

AUSNAT -TO- NWL-90 ( ? PARAMETER ) 


solution for 3 TRANSLATION PARAMETERS 
(UNITS - MFTERS ) 


(USING VARIANCES ONLY) 


DX 

DY 

D2 

METERS 

METERS 

METERS 

0.123071A3P+n3 

-A. ?AS571 A3n+02 

0.141200000+03 

+ 1.A7 

+ 1 .47 

+ 1.47 


VARIANCE - COVARIANCE MATRIX 


MO 2= 1.3 A 


0. 2172 15A2D + r>i 0.0 0.0 

0.0 0.217215A2D-^01 0.0 


0.0 


0.0 


0.217215A2D+01 


COEFFICIENTS OF CORRELATION 


0 . 100000000+01 0.0 


0.0 


0.0 


0. lOOOOOOOD+01 0.0 


0.0 


0.0 


O.XOOOOOOOD+01 


(ram ReL’|CU4T 


• OS 
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Table 5-20 (cont'd) 


RESIDUALS V 
SPHERICAL 



VI ( 

AUSNAT ) 



V2 ( NWL 

-9D ) 


VI 

- V2 


2112C 

1.89 

-0.24 

-0.2 

2 1120 

-0.47 

0.06 

0.1 

2.36 

- 0.30 

-0,3 

27070 

-C.53 

-6.61 

1.0 

27070 

0.13 

1.63 

-0.2 

-0.66 

-8.24 

1.2 

270E0 

-7.70 

2.77 

1.6 

27090 

1.90 

-0.68 

-0 .4 

-9.60 

3.45 

1.9 

27250 

2.83 

1.91 

-1.4 

27250 

-0.7 0 

-0.47 

0.3 

3.53 

2.38 

-1.7 

27430 

1.04 

-0,99 

-i>.l 

27430 

-iO ,26 

0.2 5 

0.0 

1.29 

-1 .24 

-0.2 

27400 

1.60 

-3.01 

-1.1 

2 7A90 

- 0,40 

0.74 

0.3 

2.00 

-3.76 

-1.3 

28050 

1.00 

5.27 

0.9 

2 8050 

1 

o 

, 

-1.30 

-0,2 

1 .25 

6.57 

1. 1 


UNIT OF RESIDUALS (METERS) 
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Transformation 

AUSNAT -TO- NWL-<50 i BURSA ) 

SniUTinN FOR 3 TRANSLATI ON, 1 SCALP AND 3 ROTATIDN RARAMETFRS 

(USING VARIANCES ONLY) 



DX DY DZ 

METERS METERS METERS 

DELTA 

(X1.D46) 

OMEGA PSI EPSILON 

SECONDS SECONDS SECONDS 

-115.46 -2P. 

69 136.09 

0.36 

0.07 -0 

.52 0.35 

i 

7.15 4 6. 

95 4 8.27 

4 0.91 4 

0.24 4 0 

.25 4 0.25 



VARIANCE 

- COVARIANCE MATRIX 



SO 2= 

0.98 






0.511D+02 

0 .6460401 

-0.1 660402 

0. 3370-05 

-0.552D-05 

-0,5310-05 

-0,1300-05 

0.646D+01 

0 .48304 02 

0.9560401 

-0 .3010-05 

-0. 5530-05 

0 ,4940-06 

0.4480-05 

-C.166D+02 

0 .956D401 

0.684D402 

0.2420-05 

0 .804D-06 

O.POlD-05 

0.738D-05 

0.337D-05 

-0 .3010-05 

0.242D-05 

0.P23D-12 

-0.119D-26 

0. 2660-26 

0.1590-26 

-0.552D-05 

-0 .553D-05 

0.8040-06 

-0.152D-26 

0.130D-11 

0.2560-12 

-0.668D-13 

-0.531D-05 

0 .4 940-06 

0 

1 

o 

o 

00 

. 

o 

-0.184D-26 

0.256D-12 

0.1490-11 

0.525D-12 

-0.1 300-05 

0 .44RD-05 

0.738D-05 

-0. 740D-27 

-0.668D-13 

0.5250-12 

0.1430-11 



COEFFICIENTS OF CORRELATION 



O.lOOD+01 

0 .130D40C 

-0.2SCD400 

0. 5190+00 

-0.6 760+ 00 

-0. 6090 +00 

-0. 1520+00 

0.1300400 

0 .1000401 

0.1660400 

-0.4770+00 

-0.6960+00 

0.5820-01 

0.5390+00 

-0.2800400 

0 .1660400 

0.1000401 

0.3220+00 

0.P51D-O1 

0.7930+00 

0. 7460+00 

0.5190400 

-0.477D400 

0.3220400 

O.IOOD+Ol 

-0.1150-14 

0.241D-14 

0.1460-14 

-0.6760400 

-0 .6960400 

0.8510-01 

-0.1150-14 

O.l^OD+01 

0.1840+00 

-0. 4890-01 

-C .6000 400 

0.582D-01 

0.793D400 

0.241D-14 

0.184D+00 

0.1000+01 

0. 3590+00 

-0.1 520400 

0 .5390400 

0.7460400 

0.146D-14 

-0.4890-01 

0.3590+00 

O.IOOD+Ol 


NOTE t THE POSITIVE AXES ARE TOWARDS MEAN 

GREENWICH, EAST, AND CIO. THE ROTATIONS 

PRINTED. ARE ABOUT 3RD, 2ND, AND 1ST AXES RESPECTIVELY. 


Made from Recycled FfOros 
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Table 5-21 (cont'd) 


RE5:iDUALS V 
SPHERICAL 


VIC AUSNAT ) 


V2 ( NJWL-9D ) 



21120 

1 .88 

-1.89 

-0.7 

21120 

—O .46 

27070 

0.54 

-2.40 

1.2 

27070 

— O .13 

270«0 

-2.93 

2.55 

-0.7 

27040 

0.72 

27250 

0.48 

3.74 

-0.1 

27250 

-0.12 

27430 

1.32 

-i.P3 

-0.5 

27430 

-0.33 

27440 

-0.48 

-4,98 

-0.8 

274Q0 

0.12 

28050 

-1.40 

4.42 

1.6 

28050 

0.35 


0.47 

0.2 

2.34 

-2.36 

-0.8 

0.59 

-0.3 

0.6S 

-2.90 

1.5 

-0.63 

0.2 

-3.65 

3.18 

-0.8 

-0.92 

0.0 

0 .60 

4.66 

-0.2 

0.45 

0.1 

1.64 

-2.28 

—0 • 6 

1.23 

0.2 

-0.60 

-6.21 

-1.0 

-1 .09 

-0.4 

-1.75 

5.51 

2.0 


•JNIT GF RESIDUALS (MFTERS) 


Made Primarily from Recycled FiCrei 
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Table 5-22 


Transformation 

AUSNAT -TO- NWL-'5D { .MOL'MOOFL ) 



SOLUTION FOP 3 TRANSLATION, 1 SCAL 

E AND 3 RO 

TAT I ON PARA 

METERS 


(USING VARIANCES 

ONLY) 




DX DY DZ 

DELTA 

OMEGA 

PSI EPSILON 


METERS METERS METERS 

(Xl.D+6) 

SECONDS SECONDS SECONDS 

- 

122.41 -30.45 130.07 

0.36 

0.07 

0.5? 0 . 

35 


♦ 1.40 ♦ 1.37 + 1,40 

+ + 

0.24 + 

0.25 + 0. 

25 


VARIANCE 

- COVARIANCE MATRIX 



S02 

= C.^8 





0.1 P6D+01 

-0.537P-01 0. 6840-01 

0. 131D-06 

0.6480-06 

-0,1090-06 

-0 .122 0-Df 

-0.5370-01 

0.1890+01 -O.513D-01 

0.4350-06 

-O.21S0-O6 

0. 4550-07 

0 ,?46n-'A6 

0.68AP-01 

-0.513D-C1 C.196D+C1 

0. 1350-06 

0 .7610-07 

-0.4090-07 

-0.6740-06 

0.1310-06 

0. 4350-06 0. 1350-06 

0.6230-12 

0.1700-28 

0. 2700-28 

0.1^8D-2F 

0. 6480-06 

-0. 2180-06 0.761D-O7 

0.4160-28 

0. 1300-11 

0.2560-12 

-0.668D-1? 

-0. 1090-06 

0.455D-07 -0.409D-07 

0. 9250-29 

0.2560-12 

0.1490-11 

0.5250-12 

-0.122D-06 

0.2460-06 -0.6740-06 

0.1540-28 

-0.6680-13 

0. 5250-12 

0.1430-11 


COEFFICIENTS OF CORRELATION 



O.lOOD+01 

-0 .27^0-01 0. 3490-01 

0.1030+00 

0.4050+00 

-0. 6370-01 

-0.7240-^01 

-0.2 790-01 

0. 1000+01 -0. 2670-01 

0. 3490+00 • 

-0. 1390+00 

0.2710-01 

0 .14oo+or 

0. 3490-01 

-0,2670-01 0.1000+01 

0. 1070+00 

0.476D-01 

-0.2400-01 

-0.4030+00 

0.103D+00 

0.3490+00 0.107D+C0 

0, 1000+01 

0.1 640-16 

0.2440-16 

0.9930-17 

C.4C5D+00 

-0.1390+00 0.4760-01 

0. 1640-16 

0.1000+01 

0.1840+00 

-0.4800-01 

-0 .6 370-01 

0.2710-01 -0.2400-01 

0 . 2440-16 

0.1840+00 

0.1000+01 

0,3590+00 

-0.7240-01 

0.1490+C0 -C. 4030+00 

0. 9930-17 • 

-0 .4890-01 

0,3590+00 

0.100 0+01 

NOTE : THE 1 

POSITIVE AXES ARE TOWARDS MEAN 





GREENWICH, EAST, ANP CIO. THE ROTATIONS 


PRINTED ARE ABOUT 3RD, 2ND, AND 1ST AXES RES PECTIVELY. 
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Table 5-23 


Transformation 

AUSMAT -TO- NWL-®0 { V'^IS-MODEL ) 


SOL UTION 

FDR 0 

translation, 1 SCALE AND 3 

RDTATTON 

P ARAMET 



(USING VARIANCES ONLY) 



DX 

DY 

DZ DELTA ALPHA 

KSI 

ETA 

METERS 

METERS 

METERS (Xl.n+6) SECONDS 

SECONDS 

SECONDS 

-122.41 

-30, A5 

139.07 C.36 -0.59 

D.IO 

D.2D 

+ 1 .40 

i 1.37 

+ 1.40 ± 0,91 + 0.1<5 

1 0.29 

± 0.25 


VARIANCE - COVARIANCE MATRIX 


S02= 0.98 


0.196D+01 

-0.537D-01 

0 .6840-01 

0. 131D-06 

-0.2800-06 

0.1630-06 

-ry ,5 pur,-0 6 

0.537D-01 

0 .1890 -*-01 

-^.5130-Dl 

0.4350-06 

-0 .26^^0-07 

-<^.2100-06 

^.2550-06 

0.664D-01 

-0 .513D-01 

0.1960+01 

0, 1350-06 

0.3550-06 

0 .5190-06 

-0.2 57 D-d 6 

0.131D-C6 

0 .4350-06 

0.135D-C6 

0.6230-12 

0.3000-28 

0.5390-2° 

-0.1 COD-2 8 

0.280D-06 

-0.2600-07 

0 .3550-06 

0. 108D-28 

0.R26D-12 

0. 4410-15 

0.465D-15 

0.163D-06 

-0 .210D-C6 

0.5190-06 

0.4620-29 

0.4410-15 

0.1980-1 1 

0.141D-12 

0.584D-06 

0 .2550-06 

-C.257D-06 

0.1540-28 

C. 4650-15 

0.1410-12 

0 .1420-11 


COEFFICIENT^ OF CORRELATION 


O.lCOD+01 

-0. 2790-01 

0.349D-01 

0. 10 30+00 

-0. 2200+00 

0. 8270-01 

-0.350D+0C 

-0.279D-01 

0 .1000 + 01 

-0.267D-01 

0. 349D+00 

-0.2<‘i9D-01 

-0.1090+00 

0.1 56D+on 

0.3490-01 

-0 .2670-01 

O.lOOD+01 

0.1070+00 

0 .2790+00 

0.2640+00 

-0,1550 + 00 

0.1030+00 

0.34OD+CC 

G. 1070 + 00 

U. 1000+01 

0. 3640-16 

0.422D-17 

-0.9270-17 

-0. 2200+00 

-0 ,2090-01 

0. 2790+00 

0.364D-16 

O.lOOD+01 

0.3450-03 

0. 4300-03 

0. 8270-01 

-0 .1090+00 

0.264D+00 

0. 4220-17 

0 .3450-03 

0.1000+01 

0.P4O0-D 1 

-0.35CD+C0 

0 .1560 + 00 

-0. 1550+00 

-0.9270-17 

0.4300-03 

0.8400-01 

0 .1 COD + 0 1 
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Table 5-24 




Transformation 

.sad -6° -TO- NWL-^n (3 PARAMETER ) 


solution for 3 TRANSLATION PARAMETERS 
(UNITS - METERSI 


(USING variances ONLY) 


DX 

METERS 


-0.80376108D+02 
± 2 .56 


DY 

METERS 


~0. 274163330+60 
+ 2.56 


D2 

METERS 


-O.403064OPD+0? 
+ 2.56 


VARIANCE - COVARIANCE MATRIX 


MO 2= 1.25 

0.65366122D+01 0.0 


0.0 


0.0 0.65366122D+01 0,0 

0.0 0.0 0.65366122D+01 


COEFFICIENTS OF CORRELATION 


O.lOOOOOOOD+01 0.0 


0.0 


0.0 0. lOOOOOCOD+01 0.0 

0.0 0.0 O.lOOOCCOOD+01 
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Table 5-24 (cont'd) 


RFSIDU4LS V 
SPHERICAL 



Vl( 

SAD -69 ) 


V 2 ( NWL 

-OD ) 


1 < 
1 

- V2 


30009 

7.78 

- 2.98 

6.2 

30009 

- 0.?9 

0.15 

- 0.3 

8.17 

- 3.13 

6.5 

390 10 

8.00 

- 6.83 

5.0 

3 0010 

-O ,40 

0.29 

- 0.2 

8 .40 

- 6.12 

5.2 

30012 

- 5,27 

- 5.46 

- 11.8 

30012 

0.26 

0.27 

0,6 

-5.5 3 

-5.73 


30022 

7.99 

- 4.54 

- 10.6 

30022 

- 0.40 

0.23 

0.5 

8.39 

- 4.77 

-1 1 . 1 

300 23 

- 8.06 

- 7.29 

- 2.1 

30023 

0 .4 0 

0.36 

0.1 

- 8.47 

-7.6 5 

-2.2 

30120 

- 11.24 

- 4,77 

4.0 

30120 

0.56 

0.24 

- 0.2 

- 11.80 

-5 .01 

4.2 

30121 

- 8.09 

6.28 

- 0.0 

3 0121 

0 .40 

- 0.31 

0.0 

- e .49 

6.5 9 

-0.0 

30196 

2.40 

9,49 

0.3 

30106 

- 0.12 

- 0.47 

- 0.0 

2.52 

9.96 

0.3 

30209 

1.72 

12.33 

3.5 

30209 

-0 .09 

- 0.62 

-o .2 

l.Sl 

13.00 

3.6 


UNIT OF RESIDUALS (METERS) 
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Table 5-25 


Transformation 

SAD-6«> -TO- NWL-9D (BURSA ) 

SOLUTION FOR 3 TRANSLATION, 1 SCALP AND 3 ROTATION PARAMFTFRS 

(USING VARIANCES ONLYJ 


DX 

DY 

DZ DELTA 

OMEGA 

PSI 

EPSILON 

METERS 

METERS 

METERS (Xl.D+6) 

SECONDS SECONDS 

SECONDS 

-39 .41 

7.75 

-37.36 - 0.90 

1 .18 

-n .on 

0.16 

♦24 .62 

±11.76 

±7.56 ±1.16 

± 0.86 

± 0.33 

± 0.26 



VARIANCE - COVARIANCE MATRIX 


SO 2 = 

1.C5 




0.606C+03 

0.215D+03 -0.2240+01 

-0. 2770-05 

0.1010-03 -0.2810-04 

0,1030-04 

0.215D1-03 

0.13PD+03 -0.189D+01 

0.7140-05 

0.3O4D-O4 -0,9850-05 

0.678 0-0 5 

-0.224D+0 1 

-0.1B90+C1 0.572D+C? 

0.261D-05 

-0.4560-06 -0.2870-05 

-0.7630-05 

-0.277D-05 

0.714D-05 0.261D-C5 

0. 1340-11 

0.1320-27 -0.2650-27 

-0.2120-27 

O.lOlD-03 

0.394D-04 -0 .4560-06 

-0.7330-26 

0.1740-10 -0.4340-11 

0.1770-1 1 

-0. 2810-04 

-0 .9850-05 -C.287D-C5 

0.1930-26 

-0.4340-11 0.2540-11 

-0.4400-12 

0.1030-04 

0. 6780-05 -0.763D-05 

-0,1330-26 

0.1770-11 -0.4490-12 

0. 1600-11 


COEFFIC 

TENTS OF CORRELATION 


O.IOOD+Cl 

0. 7410+00 -0.12CD-01 

-0.9720-01 

0.^860+00 -0. 7160+00 

0.3300+00 

0.741D+0O 

0.1000+01 -0.2130-01 

0.5250+00 

0.8040+00 -0.5250+00 

0.4550+00 

-0.120D-01 

-0.213D-01 O.lOOD+01 

0.2980+00 

-0.1440-01 -0.2380+00 

-0.7960+00 

-0.972D-01 

0.525D+00 0.298D+00 

0. 1000+01 

0. 2740-16 -0.1430-15 

-0.1440-15 

0.986D+00 

0 .804D + 00 -0.144D-01 

0.2740-16 

O. 1000+01 -0.6530+00 

0.3350+00 

-0.716D+00 

-0 .5250+00 -0. 2380+00 

-0.1430-15 

-0.6530+00 0.1000+01 

-0.2220+00 

0.3 30D+00 

0. 4550+00 -0.796D+00 

-0.1440-15 

0.3350+00 -0.2220+00 

0. 1000+01 


NOTE ; THE POSITIVE AXES ARE TOWARDS MEAN 

GREENWICH, EAST, AND CIO, THE ROTATIONS 

PRINTED ARE ABOUT 3RD, 2ND, AND 1ST AXES RESPECTIVELY. 


Mad® Primarily from Recycled Fibres 
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Table 5-25 (cont'd) 


30009 

30010 
30012 
300 22 

300 23 

301 20 
30121 
30196 
30209 


RFSIDUALf V 
SPHERICAL 


Vl( SAD -69 ) 


V2 C NWL-®0 ) 


VI - V2 


6.42 

1.68 

6.3 

30009 

-O .32 

7.48 

-1.33 

4.4 

30010 

-0.37 

-6.83 

-1.41 

-7.1 

30012 

0 .34 

6.86 

-0.39 

-7.9 

3002? 

-0.34 

-8.11 

-5.30 

-0.9 

30023 

0 .41 

•10.55 

-3.14 

3.7 

301 20 

0.53 

10.19 

1.24 

5.6 

30121 

0.51 

6.04 

2.56 

-1.7 

301C6 

-0.30 

8. 89 

5.54 

-2.6 

30209 

-0.49 


-0.08 

-0.3 

6.75 

1.76 

6.7 

0. 07 

-0.2 

7.85 

-1 .40 

4. 6 

0.07 

0.4 

-7.17 

-1.48 

-7.4 

0.0? 

0.4 

7.20 

-0.41 

-8.3 

0.27 

0.0 

-8.52 

-5.57 

-0.9 

^.16 

-0.2 

-11.08 

-3.30 

3.9 

-0.06 

-0.3 

-10.70 

1.30 

5.9 

-0.13 

0.1 

6.35 

2 . 68 

-1.7 

-0.28 

0.1 

9.33 

5.82 

-2.7 


UNIT OF RESIDUALS (METERS) 


Made PomarOy from Rec^c'ed F.bres 
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Table 5-26 


Transformation 

S ad-69 -to- NWL-«^D (MnL»»10r=LL J 

SOLUTION FOR 3 TRANSLATION, 1 SCALP AND ^ ROTATION PARAMFTFRS 


(USING VARIANCES ONLY} 

DX DY DZ DELTA OMEGA PSI EPSILON 

METERS METERS METERS (Xl.D+6) SECONDS SECO^'OS SECONDS 



-77,78 -12.41 -40,53 

-C.P9 

1 

00 

• 

0.°0 0. 

16 


+ 4,73 + 6 *66 + 4*25 

+ 1.16 

+0.86 + 

0.33 + 0. 

26 


VARI ANC 

E - covariance MATRIX 



so? 

= 1.05 





D,223D+02 

-d,26DD+02 -0.31OD+01 

0.2650-05 

0,1420-94 

-0.3490-05 

0 ,1 44 0-9 

-0,2600+02 

0.74RD+C2 C.loon+o2 

0. lion -05 

-0.3A.5D-04 

O.P61D-05 

-D . 3 ‘"■6 0-6 5 

-O.R 19D+01 

0.190D+02 0.18GD+C2 

-0. 4750-07 

-0.1 000-04 

C.540D-05 

-0.2210-0^ 

0.265D-05 

O.llOD-05 -D, 4750-07 

O. 1340-11 

0.2250-27 

-0.3970-28 

0,1 9A0-? P 

0.142D-04 

-0.345D-04 -O.lOCD-04 

0.206D-26 

0 .1740-10 

-0.4340-11 

0.1770-1 1 

-0.349D-05 

0.8610-05 0.540D-05 

-0. 5560-27 

-0. 4340-11 

0.2540-11 

-0.4400-12 

0.144D-05 

-0.356D-05 -0.221D-05 

0, 180D-27 

0.177D-11 

-0.4490-12 

0,1600-1 1 


COEFF IC 

lENTS OF correlation' 



o,rooD+oi 

-0.6350+00 -0.408D+00 

0.4850+00 

C .7200+00 

-0.4630+00 

0.241D+0C- 

-0.635D+00 

O.IOOD+Ol 0.543D+CO 

0. 1100 + 00 

-0 .956D + 00 

0.6240+00 

-0.3250+OC 

-0.40BD+00 

0.5430+00 C. 1000+01 

-0.968D-02 

-0 .5680+00 

0.7980+00 

-0 .4110+00 

0.4 85 D +00 

0,1100+00 -0.968D-02 

0. lOOD+01 

0.466D-16 

-0.215D-16 

0.1350-16 

0.720D+00 

-0.956D+00 -0.56SD+00 

0.4660-16 

0. 1000+01 

-0.6530+00 

0. 3350+00 

-0.463D+00 

0.624D+O0 O.798D+C0 

-0. 2150-16 

-0.6530+00 

0.1000+01 

-0.2220+00 

0.241D+00 

-0.3250+00 -0.411D+C0 

0.1350-16 

0.335D+0D 

-0.222D+0A 

O, lOOD+oi 


NOTE : THE POSITIVE AXES ARE TOWARDS MEAN 


GREENWICH, EAST, AND CIO. THE ROTATIONS 


PRINTED ARE APOUT 3RD, 2ND, AND 1ST AXES RES PECT IVELY. 
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Transformation 

SAD-fQ -TO- NWL“«5P ( VFIS MOOTL ) 

5^>St 3^n^4ei|£ sjt 


SOLUTION FOR 3 TRANSLATIOM, 1 SCALE ANP 3 ROTATinN PARAMFTPRS 




(USING 

VARIANCES 

ONLY) 




DX 

DY DZ 

DELTA 

A L PH A 

KSI ETA 



METERS METERS METERS 

(XI. 0+6) 

SECONDS SF 

CONOS SECONOS 


-77 .78 -12 

,41 -49.53 

-0,99 

0.33 - 

0.48 -1.37 


+ 4.73 + 8 

.65 + 4.25 

+ 1«16 + 

0.25 + 

0,26 + 0.89 



VARIANCE 

- COVARIANCE MATRIX 



S02 

= 1 .05 






C ,2 23 0+0 2 

-0 .2600 + 02 

-O', 8 ICD + Cl 

0.2650-05 

-0.1-^50-05 

-0. 126D-05 

-0 , 1 46 r-0-^ 

“0.260D+02 

0 ,7480+0? 

0.1 cc?n+o2 

0 , 1100-05 

0.3400-05 

0.31 CD -05 

0.3540-04 

-0.8 1^0+01 

0 .1990 + 02 

0.1 800+02 - 

0,4750-07 

-0.1 78 0-05 

0. 1960-05 

0.113^-^-^ 

0.268D-05 

0 .ilOD-C? 

-C .475D-C7 

0. 1340-11 

-0,2170-27 

0,248D-29 

-0,5690-27 

-0.145D-05 

0 .3400-05 

-0.1 780-05 - 

0.2290-27 

0. 1460-11 

0.142D-12 

0.1310-11 

-0.126D-05 

0 .3100-05 

0. 1960-05 - 

0,4630-28 

0.1420-12 

0,1580-11 

0,1630-11 

-0.14f D-04 

0.3540-0^ 

0,1130-04 - 

■0. 1010-26 

0. 1310-11 

0. 1630-11 

0.1850-10 



COEFFICIENTS CF CORRELATION 



c.i CCD +01 

-0 .6350+00 

-0,4080+00 

0.48 50+00 

-0.2540+00 

-0.2120+00 

-0.7160+00 

-0.635D+00 

0 ,1000+01 

0.5430+00 

0. 1100+00 

0,3250+00 

0.2860+00 

0.9520+00 

-0.408D+00 

0 .5430+00 

0.1000+01 - 

0,9680-02 

-0.3470+00 

0,3680+00 

0.620D+00 

0.4850+0C 

0 .llOD+OC 

-0,0 680-02 

0,1000+01 

-0. 1560-15 

0,1710-17 

-0.1 14 0-1 5 

-0.254D+00 

0 .3250+00 

-0,3470+00 - 

0,1560-15 

0. 1000+01 

0.9330-01 

0.2530+00 

-0.212D+00 

0.286D+00 

0.3680+00 

0. 1710-17 

0. 9330-01 

0.1000+01 

0.3020+00 

-0. 7160+00 

0 .9520+00 

0.620D+00 - 

0.1140-15 

0.253D+00 

0. 3020+00 

O.lOOD+01 



5.7 Summary 


An attempt has been made to investigate distortions in various geodeti c 
datums by comparing the differences in the residuals for each coordinate 
from adjustments for transformation parameters between the geodetic systems 
and the satellite system (NWL-9D). The residual differences were plotted 
and i so-resi dual -di f ference- 1 i nes were interpolated. In addition, "scale 
distortion maps" were plotted. 

In case of the NAD 1927 Datum, Figs. 5-1 through 5-3 show quite remark- 
able patterns. It is not immediately clear whether the three-parameter, 
the four-parameter or the more "flexible" seven-parameter model is best 
suited as the transformation model. Moreover, since the residual patterns 
did not change drastically by increasing the number of transformation param- 
eters from three to seven, it should be questioned if a similarity trans- 
formation model (up to seven parameters) or any other more general 1 inear 
transformation model (up to 12 parameters: affine transformation) suffices 
to model the existing distortions. 

However, the distortions seem to be largest in the Eastern and the 
Western parts of the United States, while they are smallest in the central 
area. This holds for both latitude and longitude. The distortions in 
height seem to be negl igibly smal 1 . The scale distortion maps (Figs. 5-4 
and 5-5) indicate large scale variations with systematic patterns. 

Basical ly, the scale seems to vary most in an east-west direction with a 
total di fference from coast to coast of approximately 1 0 ppm. The scale 
di s tort ion for the central area is between one and two parts per mill ion. 

It thus becomes obvious that a (seven-parameter) similarity transformation 
is not sufficient for the transformation between the NAD 1 927 and the NWL-9D 


135 



systems. In particular, a more detailed model for the scale should be 
used. 

The residual patterns for the separate transformation of the Eastern 
part (Figs. 5-6 through 5-8) do not differ substantially from those 
discussed previously. A1 so, the scale factor of 1.84 ± 0.40 ppm is close 
to the one computed for all the points , i . e . , 2.13 ± 0. 27 ppm (Table 5-1 ) . 

In contrast, the maps for the Western part of the NAD 1 927 (Figs. 5-11 
through 5-13) show distortions of reduced magnitudes as compared to those 
in Figs. 5-1 through 5-3. This is especial ly true for those transformations 
which include the scale parameter (Figs. 5-10 and 5-11). The scale factor 
is 5.95 ± 0.34 ppm (Table 5-1) which is much larger than all other scale 
factors computed so far. Fig. 5-11 which gives the residual differences 
for the seven-parameter transformation shows no systematic pattern anymore. 

In all cases, i.e., NAD 1927 EAST and NAD 1927 WEST, there are no significant 
distortions in height; but both parts differ in their orientation with 
respect to the NWL-9D system. 

The results of the analysis of the Precise Traverse network (NAD - 
MR 1 972) are presented in Figs. 5-1 2 through 5-15. None of these figures 
shows any systematic pattern. This was expected as it confirms the good 
qual ity of both measuring systems. The Doppler system NWL-9D is larger 
than the traverse system by 1 .03 ± 0.16 ppm. 

There are a number of factors to be considered in interpreting the 
distortion patterns found in this analysis. Here only a limited interpreta- 
tion is attempted. A more complete investigation of the distortion pattern 
is in progress. The scale distortions as given in Fig. 5-4 and Fig. 5-5 
are most 1 ikely caused by reducing the baselines to the geo id instead of 
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to the ellipsoid. There are striking similarities between the contours 
of the astrogeodetic geo id map and those of the scale distortion maps. 

The geo id to which the data of this analysis refer has zero height at 
Meades Ranch located in the central part of the United States. In this 
context, it should be mentioned again that the computed scale factor of 
Meades Ranch (Fig. 5-4) is between one and two ppm. If the amount of 
1.03 ppm by which the NWL-9D system is too large is subtracted, there 
remains only a very small scale factor for the Meades Ranch area. This 
conf i rms that the scale factors of Fig. 5-4 may result from basel ines 
reduced only to the geoid. It has been noted several times that the 
heights do not show a significant distortion. This becomes clear if it 
is recalled that the geodetic heights were computed by adding the astro- 
geodetic geoid undulation to the mean sea level heights. Thus the effect 
of the geoid has been taken into consideration. The distortions in 
latitude and longitude are a result of several factors which will have 
to be investigated in more detail. 

The investigations with respect to other datums were limited due to 
lack of sufficient number of stations available. 
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APPENDIX 


Corrections to Transformation Parameters and Their Variances, 

As Published in [Mueller et al . , 1 973] and [Mueller, 1 974]. 

Because of reasons discussed in this report, new tables are 1 is ted 

in this Appendix which supersede some of the tables given in earl ier 

publications. 
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Supersedes Table 5.4-1 in [Mueller et al., 1973] and 
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Supersedes in parts Table 5.5-1 in [Mueller et al . , 1973] and 
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